SUMMARY OF RECOMMENDATIONS Identifying children at risk of respiratory complications
<Clinical assessment of respiratory health should be part of every medical consultation for children with neuromuscular weakness (NMW) and should be directed towards identifying progressive muscle weakness, ability to cope with respiratory infection, aspiration, progression of scoliosis and sleep-disordered breathing.
[D] < Ulna length or armspan should be used to predict lung function in children with neuromuscular disease whose height cannot be accurately measured.
[B] < Vital capacity should be measured in all patients with neuromuscular disease who are capable of performing spirometry as part of the respiratory assessment.
[C] < Cough peak flow should be used as part of the assessment of effective secretion clearance in children with neuromuscular disease over the age of 12 years. <Assessment for sleep-disordered breathing should be carried out no less than annually for children with neuromuscular disease who have a vital capacity of <60% predicted and for children who have become non-ambulant because of progressive muscle weakness or who never attain the ability to walk. [D] < Assessment for sleep-disordered breathing should be carried out no less than annually for all infants with weakness, children with NMW who have symptoms of obstructive sleep apnoea or hypoventilation, children with clinically apparent diaphragmatic weakness and children with rigid spine syndromes.
[O] <In young children whose rate of disease progression is uncertain, or in older children who have shown a clinical deterioration or who are suffering with repeated infections, or who develop symptoms of sleep-disordered breathing, sleep assessment may need to be more frequent than once a year.
[O] <All children with abnormal overnight oximetry should undergo more detailed sleep monitoring with at least oxycapnography.
[O] <When there is doubt about the cause of sleepdisordered breathing, overnight polysomnography or sleep polygraphy should be performed.
[O] <Portable overnight oxycapnography or polygraphy in the home may be the most appropriate option for some patients.
[O]
< Children with neuromuscular disease with a history of swallowing difficulties should have a feeding assessment by a speech and language therapist including a video fluoroscopy swallow assessment if the swallow is thought to be unsafe. [O] Airway clearance and respiratory muscle training < Children with ineffective cough (including children over 12 years of age with cough peak flow <270 litres/min), particularly if they have had episodes of deterioration with respiratory infection, should be taught augmented cough techniques.
[C] <Manual cough assist and air-stacking methods to achieve maximum insufflation capacity are effective methods of improving cough efficiency and should be used when appropriate.
[C] <Mechanical insufflation/exsufflation (MI-E) should be considered in very weak children, those with loss of bulbar function, and those who cannot cooperate with manual cough assist or air-stacking or in whom these methods are not effective. [ repeat sleep studies to ensure continued effectiveness of NIV at preventing hypoventilation. The frequency of review will vary according to clinical circumstances, but should not be less than every 12 months. [D] < Assessment for skin injury and facial flattening should be carried out regularly in children using NIV and the mask interface adjusted as necessary to minimise these complications.
[O] <Tracheostomy tubes should be carefully sized and sited to ensure the tip of the tube does not abut the tracheal wall.
[O] <Family and child preference should be taken into account when considering tracheostomy to facilitate diurnal ventilation.
[O] < Oxygen alone should not be used to correct hypoxaemia caused by hypoventilation in patients with neuromuscular disease.
[O] < NIV should be the first-line treatment for children with NMW in acute respiratory failure.
[D] <Intensive care units caring for children with NMW should be aware of appropriate extubation criteria. These should include the presence of only minimal airway secretions, use of effective airway clearance methods (such as MI-E devices) and oxygen saturation more than 94% without supplemental oxygen for more than 12 h. Continuous NIV should be used immediately after extubation. [O] Planning for surgical procedures <Surgery in children with NMW should take place in units with experienced paediatric surgeons, anaesthetists and physiotherapists, and where there are facilities for paediatric intensive care and NIV.
[D] <Extubation protocols for high-risk children (those with vital capacity <60% predicted and/or ineffective cough and/or already use NIV for hypoventilation) should include effective airway clearance techniques and immediate use of noninvasive ventilation following extubation.
[O] < Children with NMW who require surgery (including scoliosis surgery) should be assessed by a multidisciplinary team prior to any intervention. [O] Scoliosis < The effect of wearing a spinal brace on respiratory function should be assessed and weighed against the limited evidence of benefit in terms of affecting final scoliosis severity.
[D] <The primary consideration when planning surgery for children with scoliosis associated with NMW should be comfort and quality of life. [O] Other problems and interventions that impact on respiratory health <Videofluoroscopy and feeding advice from a specialist therapist is indicated in children with a history of recurrent chest infection or swallowing difficulties.
[O] <A problem-orientated approach to nutrition should aim to minimise risk of aspiration, optimise nutritional status, promote comfort and balance the positive social consequences of continued oral feeding. [O] Transition to adult care
<A key worker can act as a valuable advocate, a source of knowledge and provide support for young people with neuromuscular disease and their families during the period of transition from paediatric to adult services. [O] Quality of life and palliative care
<Evaluating the child and parent or carer using multidimensional health-related quality of life assessment tools should be the standard for routine assessment in clinical practice and future clinical trials. 
INTRODUCTION Clinical context and need for a guideline
Neuromuscular diseases as a group are relatively common with a prevalence of about 1 in 3000. The majority of these conditions are genetic and become clinically apparent during childhood. The likelihood of respiratory impairment varies greatly among the different conditions; with some notable exceptions, it is more likely in children with more severe global weakness. Acute respiratory failure associated with respiratory infection is the most frequent reason for unplanned hospital admission, and chronic respiratory failure is a frequent cause of death. With appropriate intervention, the incidence of unplanned hospital admission can be reduced and life expectancy can be improved. This guideline attempts to summarise the available evidence in this field and to provide recommendations that will aid the healthcare professional in delivering good quality patient care.
There are a number of excellent disease-specific guidelines and consensus statements on neuromuscular diseases, but none which focus specifically on respiratory management. Many of the principles of respiratory management are not disease specific and the objective of this guideline is to provide recommendations that can be applied to all children with neuromuscular weakness (NMW). The evidence for much of current practice is weak and is based largely on observational studies. The Guideline Committee attempted to identify and summarise the existing evidence, and when that is lacking, provide expert consensus opinion.
Guideline Committee members
The full list of Guideline Committee members is given in appendix 1. The members adhered to the British Thoracic Society (BTS) policy for the declaration of interests, and if appropriate, specific interests are declared in appendix 1.
Target audience for the guideline
This guideline is aimed primarily at healthcare practitioners in the UK who care for children with NMW, including doctors, nurses, physiotherapists and other healthcare professionals.
Scope of the guideline
The guideline starts with a background overview of respiratory problems in children with NMW. A brief summary of the conditions covered by the guideline is provided in appendix 2. The respiratory management of these children is then covered in the following sections:
Identifying children at risk of respiratory complications Airway clearance and respiratory muscle training Assisted ventilation Planning for surgical procedures Scoliosis Other problems and interventions that impact on respiratory health Transition to adult care Quality of life and palliative care Special considerations Details of individual studies that form part of the evidence behind the recommendations are available in the evidence tables (online appendix S1).
Considered judgement and grading of the evidence
The Guideline Committee used evidence tables to judge the body of evidence and grade recommendations for this guideline. Evidence tables are available in online appendix S1.
When evidence was lacking to answer the formulated clinical questions, expert opinions were obtained for formal consensus statements using the Delphi method.
The following factors were considered when grading the recommendations:
The available volume of the body evidence. How applicable the obtained evidence was in making recommendations for the defined target audience of this guideline.
Whether the evidence was generalisable to the target population for the guideline.
Whether there was a clear consistency in the evidence obtained to support recommendations. What the implications of recommendations will be on clinical practice in terms of recourses and skilled expertise. Cost effectiveness was not reviewed in detail because in-depth economic analysis of the recommendations falls beyond the scope of this guideline. Recommendations were graded from A to D as indicated by the strength of the evidence as listed in table 2. Important practical points lacking any research evidence were highlighted as 'Good practice points'.
Drafting the guideline
The Guideline Committee corresponded regularly by email and meetings of the full group were held in March 2010, November 2010, March 2011 and May 2011. A draft guideline document was circulated to all the relevant stakeholders (appendix 3) for consultation in October/November 2011 and the draft guideline was made available for public consultation via the BTS website in November 2011. The BTS Standards of Care Committee reviewed the draft guideline in November 2011. The guideline was revised, taking account of comments from the Committee, stakeholders and feedback from public consultation, and submitted for publication in March 2012.
The guideline will be reviewed in 2016.
Audit and research recommendations Audit
Local databases should be kept of children with NMW, which should include whether a respiratory assessment has been made and the planned frequency of future assessments. Audits of non-elective hospital admissions for children with NMW would provide important information when planning the need for respiratory support services. Table 1 Revised grading system for recommendations in evidencebased guidelines
Grade Evidence

1++
High-quality meta-analyses, systematic reviews of RCTs or RCTs with a very low risk of bias 1+
Well conducted meta-analyses, systematic reviews of RCTs or RCTs with a low risk of bias 1À Meta-analyses, systematic reviews or RCTs or RCTs with a high risk of bias 2++
High-quality systematic reviews of caseecontrol or cohort studies or high-quality caseecontrol or cohort studies with a very low risk of confounding, bias or chance, and a high probability that the relationship is causal 2+ Well conducted caseecontrol or cohort studies with a low risk of confounding, bias or chance, and a moderate probability that the relationship is causal 2À
Caseecontrol or cohort studies with a high risk of confounding, bias or chance and a significant risk that the relationship is not causal 3
Non-analytic studies, for example, case reports, case series 4
Expert opinion RCT, randomised controlled trial. 
RESPIRATORY COMPLICATIONS OF NMW
NMW can compromise the gas exchange and pump functions of the respiratory system, maintenance of upper airway muscle tone, airway protection, efficiency of secretion clearance and spinal support. The respiratory consequences are hypoventilation, upper airway obstruction, aspiration lung disease, secretion retention and lower airway infection, and the mechanical effects of progressive scoliosis. These complications are not mutually exclusive and often coexist, leading to progressive respiratory insufficiency. Respiratory failure is the most common cause of mortality in patients with neuromuscular disease. 1 2 The likelihood of respiratory morbidity for most children is dependent on the severity of their weakness, although there are exceptions, particularly those children with rigid spine syndromes and congenital myasthenic syndromes. The age of onset of respiratory problems varies with the underlying condition, as indicated in table 3.
Pulmonary function
Lung function testing in children with NMW typically shows a restrictive pattern with diminished vital capacity, total lung capacity and functional residual capacity, and with a relative preservation of forced expiratory volume in 1 s (FEV 1 )/forced vital capacity (FVC) ratio. Scoliosis can worsen the restrictive defect. 3 Lung compliance may be diminished by microatelectasis. 4 5 Chest wall compliance may reduce as time progresses, independent of scoliosis, 6 attributed to fibrotic changes of the dystrophic chest wall muscles and shortening of the un-stretched tissues. 7 8 
Retention of airway secretions
The transport of secretions from the peripheral airways to the main airways is mainly carried out by ciliary activity. In normal conditions, it is estimated that the amount of secretions reaching the trachea is between 10 and 100 ml/day. 9 Removal of airway secretions from the trachea requires a huff or cough. Effective coughing involves three main components 10 : A deep inspiration up to 95% of total lung capacity. Glottic closure (which requires intact bulbar function) and short pause to allow distribution of air past secretions, including via collateral ventilation. Effective contraction of the expiratory muscles (abdominal and intercostal muscles) to generate high intrapleural pressures and subsequent rapid expiratory flow rates. The sequence of phases in a cough manoeuvre can be classified as inspiratory, compressive and expiratory. 11 The result is fastmoving air within the large airways, sufficient to pick up airway secretions and expel them from the airway. Respiratory infections are characterised by increased airway secretions, as a result of increased mucous production and the presence of inflammatory cells, cell debris and bacteria. Ciliary activity is hampered by airway inflammation, and coughing to expel airway secretions becomes more important. In children with NMW, reduction in inspiratory, glottic and expiratory muscle strength results in reduction of cough effectiveness. 12 13 Weakness may worsen during acute infection, reducing cough effectiveness at a critical time. Retained airway secretions cause atelectasis which results in ventilation perfusion mismatch and hypoxaemia, as well as reduced lung compliance. Without assistance, respiratory muscles may tire leading to respiratory failure. Most respiratory infections in children with NMW, as in other children, will be viral.
Swallowing dysfunction, loss of airway protection and aspiration lung disease
The prevalence of swallowing dysfunction tends to increase as muscle weakness progresses; in some conditions such as spinal muscular atrophy (SMA) type 1 and severe forms of nemaline myopathy, it may present from early infancy. Difficulties with swallowing can lead to under-nutrition or risk of aspiration. Aspiration lung disease is common in children with NMW, resulting from loss of control of the larynx and pharynx, and ineffective cough. Aspirated material includes saliva, mouth organisms and possibly food in children who are orally fed. Gastric contents may be aspirated in children who have gastrooesophageal reflux. Aspiration causes inflammation within the lungs leading to airways obstruction and to worsening restrictive lung disease. Recurrent aspiration can lead to bronchiectasis and pulmonary fibrosis. The prevalence of gastrooesophageal reflux among children with neuromuscular conditions is not known, although clinical experience suggests that it is a common problem in children with NMW, especially non-mobile children.
Impact of nutritional status
Assessment and management of nutritional status can be challenging in children with neuromuscular disease. Patients are at risk of malnutrition (because of feeding difficulties, dysphagia and gastro-oesophageal reflux) and obesity.
14 In one survey of boys with Duchenne muscular dystrophy (DMD) 15 approximately 50% of boys were overweight at age 13 years; in older boys with more severe weakness, under-nutrition became more common and approximately 50% of boys between 14 and 18 years of age were said to be undernourished. Children with severe weakness, such as those with severe forms of SMA, frequently require nasogastric or gastrostomy feeding to maintain adequate nutrition. Assessment of nutritional status in children with NMW is complicated by progressive loss of muscle mass 16 17 and the high incidence of scoliosis and skeletal contractures. Immobility is associated with an increased risk of osteoporosis, which may worsen with steroid therapy for DMD.
In spite of several studies investigating body composition and energy requirements in patients with neuromuscular disorders, most notably in DMD, there are few studies that specifically address the impact of nutrition on lung function in neuromuscular disorders. In a 10-year study of 162 boys with DMD, McDonald and colleagues 18 found that the presence of obesity was unrelated to the decline in muscle strength, functional ability or lung function. In a small observational study of 10 patients with DMD (n¼6) and congenital muscular dystrophy (n¼4), Goldstein and colleagues 19 looked at the effect of nightly over-feeding and whether it would reverse or improve muscle damage and consequently lung function, measured by vital capacity. These patients received nightly additional feeds with monitoring over a 3-month period. In the congenital muscular dystrophy group body weight did not change. In the DMD group, body weight increased. There was no change in lung function or measurable effects on daily activities in either group and there was diminished appetite during the day.
Impact of scoliosis
Scoliosis is a common feature of many neuromuscular conditions, with an incidence that generally reflects the severity of the associated weakness. Between 70% and 90% of boys with DMD 20 21 and all children with SMA types 1 and 2 will develop clinically significant scoliosis, 22 whereas it is less common in fascioscapulohumeral disease (w30%) 23 and rare in Becker's muscular dystrophy (BMD). 24 Scoliosis in the absence of NMW can affect lung function in a number of ways. Lateral curvature of the spine directly displaces the thoracic cage and diaphragm, limiting vital capacity by causing asymmetric inspiration and decreased chest wall compliance. The extent to which lung volume is reduced is variable; lung hypoplasia may occur in children with very early scoliosis, but in older children the lungs are likely to have developed normally, and compromise is due to mechanical limitations. Physiological dead space is increased, with a decreased tidal volume to dead space ratio, increasing the risk of carbon dioxide retention. In children with NMW it can be difficult to separate the effects of weakness from those of scoliosis, since weaker children are also more likely to develop scoliosis. Inal-Ince and colleagues 25 studied 39 children and young adults with a range of neuromuscular disease, 22 with and 17 without scoliosis. Children with scoliosis had lower vital capacity than those without, and although these children were also older than those without scoliosis (13.6 vs 9.6 years), measures of respiratory muscle strength between the two groups were similar, suggesting that the difference in vital capacity was due to the presence of scoliosis rather than more severe weakness. A retrospective review of 43 children with SMA found that severity of scoliosis (Cobb angle) was inversely correlated with predicted vital capacity. 26 In a longitudinal study of 25 boys with DMD published in 1983, Kurz and colleagues 3 found that absolute vital capacity peaked at approximately 12 years of age, which in the pre-steroid era was around the time of loss of ambulation. Thereafter the vital capacity reduced in a linear fashion until the age of 17 when it appeared to remain stable at around 1 litre. The per cent predicted vital capacity (using armspan as a measure of standing height) fell in a linear fashion from age 7 years (90% predicted) to age 20 years (35% predicted). Age and the angle of thoracic scoliosis (but not lumbar scoliosis) predicted vital capacity, with each 108 of thoracic scoliosis being equivalent to loss of 4% of predicted vital capacity (the same as that lost per year between 7 and 20 years of age). McDonald and colleagues reported a retrospective review of 162 boys with DMD followed at a single centre over a 10-year period. 18 The incidence of scoliosis increased steeply after loss of ambulation, with 50% of boys acquiring scoliosis between 12 and 15 years of age. Eighty subjects had lung function data, and similar to the data of Kurz and colleagues, there was a linear loss of vital capacity from around 10 to 19 years of age, followed by a plateau at around 25% predicted (a loss of approximately 7.5% per year). Scoliosis did not appear to influence the vital capacity, although the statistical approaches used were different to that of Kurz, and all scoliosis rather than just thoracic scoliosis was included in the analysis. Those with scoliosis had a higher rate of undefined pulmonary complications (39% vs 14%), suggesting a possible effect of scoliosis on cough effectiveness. Yamashita and colleagues 27 reported a retrospective review of 36 boys with DMD, 32 of whom had scoliosis, and found that boys with more severe and progressive scoliosis had lower peak vital capacity.
Progression of scoliosis during teenage years results from a combination of accelerated growth during adolescence, increasing weakness, and increased time spent in the sitting position. Galasko and colleagues 28 showed that a regimen which encourages at least 2 h standing per day, using a combination of light weight orthotic aids and standing frames, can slow the progression of scoliosis and preserve lung function in boys with DMD.
Sleep-disordered breathing and sleep-related hypoventilation
Sleep in healthy individuals is associated with decreased ventilatory drive and reduced tone in the upper airway and intercostal muscles, especially during rapid eye movement (REM) sleep. In children with NMW these changes can result in sleep-related hypoventilation and/or obstructive sleep apnoea (OSA) (see table 4 ). Sleep-related hypoventilation is associated with hypoxaemia and hypercapnia, which can occur episodically during episodes of REM sleep with recovery during non-REM sleep, or in children with more severe weakness, throughout the period of sleep, often with a progressive hypercapnia. Hypoxaemia and hypercapnia can stimulate arousals and interfere with sleep quality.
Sleep-related hypoventilation may be exacerbated by coexisting OSA, resulting from weakness of pharyngeal muscles and adenotonsillar hypertrophy. Children who are obese or have associated macroglossia or craniofacial abnormalities are more likely to have coexisting OSA. Symptoms of snoring, parental reports of obstructed breathing, hyponasal speech, mouth breathing, nasal obstruction and adenotonsillar hypertrophy may suggest OSA, although clinical diagnosis correlates poorly with polysomnography (PSG). 30 31 A retrospective review of PSG studies of 32 boys with DMD showed that 10 (median age of 8 years) had OSA without significant hypoventilation. 32 In older boys with DMD, obstruction can be mixed with hypoventilation. 33 Adenotonsillectomy can lead to resolution of symptoms related to obstruction. 32 Myotonic dystrophy type 1 may be associated with daytime sleepiness in children and adults. In one study of 22 children with myotonic dystrophy, 76% reported fatigue, but only one had objective evidence of daytime sleepiness. There was a high prevalence of sleep fragmentation, associated with mixed apnoea and periodic limb movement. 34 In adults myotonic dystrophy type 1 can be associated with short sleep latency, sleep-onset REM and low levels of hypocretin-1 in the cerebrospinal fluid, similar to that seen in narcolepsy, suggesting a possible primary dysfunction in the hypothalamic hypocretin system. 35 
Daytime respiratory failure
Daytime respiratory failure, characterised by daytime hypercapnia, tends to develop slowly as a result of progressive ventilation decompensation. It is usually preceded by sleep-related hypoventilation, and by recurrent episodes of respiratory exacerbation associated with respiratory infection or aspiration. Left untreated, daytime hypercapnia carries a poor prognosis. 36 The development of daytime hypercapnia is usually an indication of progression of weakness, but may also reflect changes in chest wall or lung compliance as discussed above. Respiratory drive is usually normal, 37 38 but there may be reduced ventilatory response to carbon dioxide in children who have prolonged periods of hypercapnia during sleep. In these children, nocturnal ventilation can reverse daytime hypercapnia. 
Acute respiratory failure
In most children with NMW, episodes of acute respiratory failure are associated with respiratory tract infections and retention of airway secretions as discussed above. Respiratory load is increased in these situations and worsened further by ineffective coughing and mucus retention. 39 In children with congenital myasthenic syndromes, weakness can be variable and unpredictable. Acute respiratory failure and/or sudden apnoea can occur due to acute severe decrease in muscle strength, often but not necessarily triggered by viral respiratory illnesses. 40 Box 1 lists the potential precipitating factors of acute respiratory failure in children with neuromuscular disease.
IDENTIFYING CHILDREN AT RISK OF RESPIRATORY COMPLICATIONS Clinical assessment
Clinical assessment of respiratory health should be part of every medical consultation for children with NMW. The purpose and nature of all assessments should be explained to children and their carers. An assessment should be made of the extent, pattern and progression of muscle weakness, the degree of ambulation and the degree of muscle fatigability. Any change in the strength of voice or cough should be documented, and problems with drooling, difficulties in clearing secretions, choking with foods, or difficulties with chewing identified. Posture, seating and the development of kyphosis and scoliosis should be regularly assessed as should growth and nutritional status. An increase in frequency and severity of respiratory infections is likely to occur with deteriorating muscle strength and careful attention should be given to establishing how these have been managed and whether they have required hospital admission for intensive treatment.
Sleep-disordered breathing in patients with neuromuscular disease may be caused by sleep-related hypoventilation or by OSA or a combination of both. The symptoms of nocturnal hypoventilation include disturbed sleep, morning headache, morning anorexia or nausea, daytime sleepiness, fatigue and poor concentration. These symptoms are non-specific and do not reliably predict the presence of nocturnal hypoventilation. Symptoms often develop gradually over several weeks or months and may not be recognised by children or their parents. Symptoms relating to OSA may include snoring, and variable patterns of snoring, breathing effort and arousal. When weakness is severe, daytime hypoventilation may occur. The symptoms of daytime hypoventilation are headache, nausea, dyspnoea, tachycardia, sweating, peripheral vasoconstriction or vasodilation, fatigue and anxiety. Once again these are nonspecific.
Evidence
Clinical predictors for risk of respiratory complications
There are no studies which have formally evaluated clinical assessment in isolation as a means of identifying the risk of respiratory complications in patients with neuromuscular disease. Evidence addressing whether clinical assessment can predict sleep-disordered breathing comes from three studies. 32 42 43 In a cross-sectional study, two measures of global function (Barthel Index and Egen Klassification) correlated significantly with spirometry, in particular vital capacity, when applied to 26 patients with DMD (mean age 12.7 years, range 7e22 years). 42 In a descriptive retrospective study of 34 patients with DMD aged 1e15 years (median 10 years) who attended a sleep clinic over a 5-year period, 32 symptoms and lung function were correlated with contemporary sleep study data. There was no association between the diagnosis of sleep-disordered breathing on sleep study, and the presence or absence of symptoms. In a study of 46 children aged 6e17 years with a heterogeneous group of muscle diseases, clinical measures were correlated with sleep study findings. Scoliosis on clinical assessment predicted nocturnal hypoventilation with a sensitivity of 85% and a specificity of 73%. 43 
Clinical predictors of survival
The evidence that clinical assessment can predict survival in patients with neuromuscular disease comes from two studies from the same group, both of which relate to patients with DMD. 44 45 The first study is a retrospective longitudinal descriptive study of 18 patients with DMD (age >14 years, median 17.8 years). 45 Sixteen patients died during the course of the study. Age at non-ambulation and body mass index did not predict survival duration or age at death in these patients. In a larger retrospective longitudinal study, the same group looked at 58 non-ventilated patients with DMD age >10 years over a period of 14 years. 44 Thirty-seven patients died during the study. This study confirmed that age at non-ambulation and body mass index did not predict age at death. Maximal height derived from armspan did predict survival.
Evidence statements Clinical assessment in isolation is a poor predictor of sleepdisordered breathing in children with DMD (evidence level 3). Clinical assessment in isolation is a poor predictor of survival in children with DMD (evidence level 3).
Recommendation < Clinical assessment of respiratory health should be part of every medical consultation for children with NMWand should be directed towards identifying progressive muscle weakness, ability to cope with respiratory infection, aspiration, progression of scoliosis and sleep-disordered breathing.
[D]
Spirometry
In healthy children repeatable spirometry using visual incentives is generally achievable from 6 years of age. Children who are weak may be unable to achieve flow limitation while performing spirometry even if they have good technique, and forced manoeuvres may not be possible. Vital capacity, which is determined by inspiratory muscle strength and lung and chest wall compliance, can be reliably measured in almost all weak subjects by using a slow manoeuvre whereby the child is asked to breathe in as deeply as possible and then to breathe out for as long as possible through the spirometer.
Box 1 Precipitating factors of acute respiratory failure in children with neuromuscular disease (adapted from Racca et al 41 )
Height and age are normally used to predict expected lung function values in children. In children with neuromuscular disease and scoliosis, height measurement may be unreliable. Other body measurements that do not require the patient to stand and which are not confounded by body deformity can be used to accurately predict height and lung function. Most centres in the UK use armspan or ulna length as a surrogate measure for height. Ulna length may be easier to measure in patients with significant deformity or contractures.
Vital capacity is usually measured in the standing or sitting position to allow gravity to assist with diaphragmatic descent. When measured in the supine position vital capacity is lower, particularly in subjects with diaphragmatic weakness, and it has been suggested that supine vital capacity may be useful in monitoring disease progression. 46 Subjects with NMW may have difficulty in creating a tight seal with their lips around a conventional mouthpiece. This problem can be addressed by using a flanged mouthpiece or by using a face mask held firmly over the mouth and nose as the spirometry interface. Vital capacity has been shown to be a valuable predictor of susceptibility to infection and the need for respiratory support in children with muscle disease. Vital capacity correlates with survival in children and adolescents with DMD. Vital capacity is less useful in patients with rigid spine syndromes who may have severe nocturnal hypoventilation despite preserved vital capacity, peripheral muscle strength and ambulation.
Evidence
Armspan as a predictor of height in lung function assessment
The evidence for using armspan to predict height in children comes from one large longitudinal study in healthy individuals 47 and two smaller studies of patients with scoliosis. 48 49 Three smaller caseecontrol cross-sectional field studies, all from the same centre but performed in Nigeria, the Philippines and India, provide data on applying armspan predictions of height in disabled children. In the first study 512 healthy children were followed with annual measurements for armspan and height for 6 years, giving rise to a total of 2367 measurements. 47 Armspan to height ratio was extremely close to 1.0 across all ages. The two scoliosis studies recruited children and adults and also found good correlation between armspan and height, but noted that sex and age affected armspan to height ratio. 48 49 In the three caseecontrol field studies, height and armspan measurements were taken from normal controls and disabled children, all aged <10 years. Regression equations were derived using the control children and tested using the data from the disabled children. Taken together, 325 normal controls were measured. Strong correlations between armspan and measured height were identified in all three studies. Predicted heights derived using armspan were not significantly different to actual height measured in the disabled children. Ulna length as a predictor of height in lung function assessment
The evidence for using ulna length to predict height in normal children comes from one large cross-sectional study in which 2343 normal children and adolescents aged 5e19 years were studied. Height, arm span, tibial length and ulnar length were all measured. Regression equations were found to be best for ulnar length. Ulnar length was the only parameter that was not significantly different between ethnic groups included in the study. 53 A parallel study by the same group on the same cohort produced regression equations incorporating age and ulna length to predict expected lung function (FEV 1 and FVC) directly. 54 Spirometry with visual incentives can improve lung function measures in children with DMD Evidence for visual incentive spirometry (IS) comes from one randomised crossover intervention study in 47 children with DMD aged 6e19 years (mean age 12.6 years). 55 The boys were categorised as having moderate, mild or no cognitive impairment. In those with moderate intellectual or behavioural impairment there was a significant improvement in lung function when computerised visual incentives were used.
Vital capacity as a predictor
The evidence that vital capacity can predict susceptibility to infection comes from one retrospective questionnaire study that looked at 46 patients aged 8e16 years with a mixed group of muscle diseases. 56 Many parameters were studied, including more specific tests of respiratory muscle strength and cough peak flow (CPF). Vital capacity had the strongest correlation with the number of chest infections and days of antibiotic treatment in the preceding year. A vital capacity of <1.11 litres predicted risk of chest infection with a sensitivity of 90.5% and a specificity of 70.8%.
The evidence that vital capacity can predict sleep-disordered breathing in patients with neuromuscular disease comes from five cross-sectional studies. In two German studies, the first in 61 children aged 5e18 years with a heterogeneous group of muscle diseases, and the second in 42 adults aged 14e63 years also with a heterogeneous group of muscle diseases, inspiratory vital capacity (IVC) of <60% expected predicted sleep-disordered breathing and IVC <40% expected predicted nocturnal hypoventilation. 57 58 Another cross-sectional study looked at 114 patients with DMD aged 16e23 years. In this cohort, a vital capacity <1820 ml predicted nocturnal hypoventilation, although the sensitivity and specificity for this cut-off value are not given. 59 In a study of 19 patients with DMD age over 12 years (mean 18.6 years), FEV 1 and FVC predicted the total sleep time with oxygen saturations below 90%. 60 In a study of 46 children aged 6e17 years with a heterogeneous group of muscle diseases, clinical measures were correlated with PSG; vital capacity of <70% predicted indicated the presence of nocturnal hypoventilation with a specificity of 71% and sensitivity of 64%. 43 The evidence that vital capacity can predict daytime respiratory failure (hypercapnia) in patients with neuromuscular disease comes from three of the cross-sectional studies described above 57e59 and a further cross-sectional study in a cohort of children and young adults with DMD. 61 In the two German studies, 57 58 vital capacity <25% predicted diurnal respiratory failure (daytime hypercapnia). In the cohort of 114 patients with DMD aged 16e23 years, 59 vital capacity <680 ml predicted daytime hypercapnia. In this study vital capacity was the best predictor of daytime hypercapnia compared with other lung function parameters, including tidal volume, respiratory rate and maximal inspiratory pressure (MIP). In the fourth study of 52 patients with DMD aged 7e25 years, vital capacity was again shown to be highly correlated with daytime partial pressure of carbon dioxide (PaCO 2 ). 61 The evidence that vital capacity can predict survival in patients with neuromuscular disease comes from two retrospective longitudinal descriptive studies from the same group, both of which relate to children with DMD. 44 45 The first study included 18 patients with DMD and median age 17.8 years followed over a 10-year period. 45 The second study included 58 non-ventilated patients with DMD aged over 10 years followed over a period of 14 years. 44 In these studies, maximum vital capacity, rate of decline in vital capacity and current vital capacity all correlated with survival in non-ventilated patients. In the first study, age at which vital capacity fell below 1 litre was associated with age at death. 45 In the larger second study, when the vital capacity fell below 1 litre the median survival was 3.1 years and the 5-year survival was 8%. 44 
Tests of respiratory muscle strength
A number of tests have been developed that have the potential to provide information about specific weakness in inspiratory, expiratory and bulbar muscle groups. These muscle groups contribute differently to ventilation, secretion clearance and airway protection, and are affected to a varying degree in different neuromuscular diseases. Several studies have evaluated these measures as potential predictors of respiratory complications in patients with neuromuscular disease. The majority of studies show no benefit over vital capacity.
MIP is a measure of inspiratory muscle strength. It is measured using a manometer connected to a mouthpiece. The patient is asked to breathe out to residual volume and then asked to take a maximal inspiratory effort against an occluded airway. There is a small leak in the system to avoid pressure being generated by cheek muscles. The maximum negative pressure generated after a period of 1 s is recorded as the MIP.
Sniff nasal inspiratory pressure (SNIP) is another measure of inspiratory muscle strength. It measures ballistic rather than sustained inspiratory strength. SNIP is measured using a tightly fitting plug placed inside one nostril. A catheter connects the plug to a pressure transducer. The sniff is performed through the contralateral patent nostril. SNIP is easier to perform than MIP.
Maximal expiratory pressure (MEP) is a measure of expiratory muscle strength using a manometer connected to a mouthpiece. The patient is asked to breathe in to total lung capacity and then asked to take a maximal expiratory effort against an occluded airway. The cheeks are supported by the patient's or assistant's hands. There is a small leak in the system to avoid pressure being generated by cheek muscles. The maximum pressure generated after a period of 1 s is recorded as the MEP.
Evidence
Maximum inspiratory pressure
Evidence that MIP can predict respiratory complications comes from five studies. MIP has been shown to be highly correlated with vital capacity in four cross-sectional studies of children and young adults with muscle disease, all of which have been mentioned in the section on vital capacity. 57e59 61 The close relationship between MIP and vital capacity means that MIP is also capable of predicting sleep-disordered breathing, nocturnal hypoventilation and daytime hypercapnia in patients with muscle weakness. In the German cross-sectional study of 61 children aged 5e18 years with a heterogeneous group of muscle diseases, 58 MIP <4.0 kPa was associated with sleep-disordered breathing and MIP <2.5 kPa with nocturnal hypoventilation, but both outcomes were better predicted by vital capacity. Threshold values for MIP were different in the German adult study. 57 In the retrospective questionnaire study that looked at 46 patients aged 8e16 years with a mixed group of muscle diseases, MIP unlike vital capacity did not correlate with the number of infections and days of antibiotic treatment in the preceding year. 56 Finally, in a small study of patients with DMD, MIP did not predict total sleep time with oxygen saturations below 90% when spirometry and daytime PaCO 2 were predictive. 60 
Sniff nasal inspiratory pressure
Evidence that SNIP may be useful in the assessment of respiratory complications in neuromuscular disease comes from studies that show correlation between SNIP and MIP and with vital capacity. In a study of 116 normal children aged 4e11 years, SNIP was slightly greater than MIP but was highly correlated with MIP. 62 In a study of 126 children and adults with neuromuscular disease or skeletal disorders, SNIP was easier to perform than MIP in the patients with neuromuscular disease and correlated well with MIP. 63 SNIP correlated with FVC in a study of 41 children with neuromuscular disease; in this study reliable SNIP measurements were obtained in all children, whereas FVC measurements could only be obtained in 25 of the 41 children, suggesting that children may find SNIP manoeuvres easier to perform than FVC. 64 SNIP performance, and therefore reliability as a measure, improves with repeated attempts. 65 
Maximal expiratory pressure
Evidence that MEP may be useful in the assessment of respiratory complications in neuromuscular disease comes from two studies. In a cross-sectional study of 52 patients with DMD aged 7e25 years 61 MEP correlated with vital capacity. This study suggested that in this patient group MEP may decline before MIP and vital capacity as muscle weakness progresses. In the retrospective questionnaire study that looked at 46 patients aged 8e16 years with a mixed group of muscle diseases, MEP correlated with frequency of infections and days of antibiotics in the preceding year, but the correlation was less good than with vital capacity or CPF. 56 
Evidence statements
Evidence
A study of 49 adults requiring ventilation via endotracheal or tracheostomy tubes with a range of neuromuscular problems found that patients with an assisted CPF<160 litres/min could not be successfully extubated or decannulated, 66 suggesting that a CPF$160 litres/min is required to effectively clear secretions and maintain airway patency. A subsequent study of 157 invasively ventilated adults and an unspecified number of children, including 139 patients intubated for acute respiratory failure, reported a 100% success rate for extubation for patients with CPF$160 litres/min 67 and an 80% success rate for patients with CPF<160 litres/min. The reasons suggested for the improved success rate in patients with very low CPF were greater staff and patient experience of mechanical cough assist devices and NIV and a requirement for the patient's oxygen saturation levels to be 95% or greater for 12 h prior to an extubation attempt, rather than the previous level of 92%. Three studies in adults with NMW have shown that an assisted or unassisted CPF over 270 litres/min is sufficient to protect against acute respiratory deterioration associated with respiratory infection. 39 68 69 The likely reason for the higher CPF required to protect against respiratory deterioration is the fall in respiratory muscle strength that is known to occur in patients with NMW during acute infection. 70 This means that a CPF<270 litres/min when the patient is well may fall below the critical level of 160 litres/min during an infective exacerbation, leading to secretion retention and respiratory failure. In a study of children and adults with DMD, a vital capacity of <2.1 litres best predicted a CPF<270 litres/min. 71 Care should be taken when applying CPF thresholds derived from the adult population to children. Standard values for CPF for normal children aged 4e18 years of age have been published. 72 The 5th centile CPF ranged from 110 litres/min in 4-year old girls to 518 litres/min in 18-year old boys. In a study of 46 children and young adults with NMW aged from 4 to 20 years (mean age 12.763.7 years) CPF<160 litres/min predicted frequency of severe chest exacerbation sensitivity of 75% and specificity of 79%. 56 This study used absolute CPF values rather than those corrected for age and height. The value of 160 litres/min is significantly lower than that identified in adults as protective against recurrent chest infections (270 litres/ min). There is currently insufficient evidence in children to provide thresholds of absolute CPF values that will reliably predict risk of acute respiratory deterioration. It may be reasonable to apply adult thresholds to older children (those over 12 years of age), particularly those with DMD when vital capacity usually peaks at around 12 years of age.
Evidence statement In adults with NMW, a CPF of 160 litres/min is necessary for effective secretion clearance and a CPF of 270 litres/min or more is associated with resilience to respiratory infection. Equivalent age-adjusted values for children are not available (evidence level 3).
Good practice point < CPF should be used as part of the assessment of effective secretion clearance in children with neuromuscular disease over the age of 12 years.
Measurement of daytime blood gases
In general blood gas analysis in children is achieved using arterialised capillary samples. Results may be confounded by sampling from poorly perfused tissues or by procedure-related hyperventilation. Daytime hypercapnia indicates hypoventilation during wakefulness; children with daytime hypercapnia will also have nocturnal hypoventilation. A daytime capillary blood gas sample showing a raised plasma bicarbonate level may indicate the presence of nocturnal hypercapnia.
Evidence
The evidence that daytime blood gases can identify patients with nocturnal hypoventilation comes from two cross-sectional studies. In a small study of 19 patients with DMD age over 12 years (mean 18.6 years), daytime PaCO 2 correlated strongly with total sleep time with oxygen saturations below 90%. A daytime PaCO 2 >45 mm Hg predicted nocturnal hypoventilation (arbitrarily defined as oxygen saturation below 90% for >2% of total sleep time) with a 91% sensitivity and 75% specificity. 60 In a study of 61 children aged 5e18 years with a heterogeneous group of muscle diseases, a daytime PaCO 2 >40 mm Hg predicted nocturnal hypoventilation with a sensitivity of 92% and specificity of 72%. 58 Evidence that daytime PaCO 2 can predict survival comes from one study. In a retrospective longitudinal descriptive study of 18 patients with DMD (age over 14 years, median 17.8 years), daytime PaCO 2 correlated with vital capacity and with survival. In stepwise multiple regression analysis for survival, PaCO 2 provided no further predictive value in addition to vital capacity. 45 
Overnight sleep monitoring
Decline in respiratory function in patients with progressive neuromuscular disease eventually leads to respiratory failure and diurnal hypoventilation. Respiratory mechanics are compromised in sleep, and hypoventilation in patients with NMW therefore first becomes apparent during sleep. Sleep staging in children can be broadly categorised into active (REM) sleep and quiet (non-REM) sleep. Diaphragmatic strength is preserved in all sleep stages. Intercostal, upper airway and accessory muscle function is reduced in active sleep because of muscle atonia. Nocturnal hypoventilation in progressive NMW therefore occurs first in active sleep when muscle strength is most compromised. As respiratory weakness increases, hypoventilation progresses to all sleep stages, before progressing to daytime hypoventilation. Overnight sleep monitoring is used to identify patients who have nocturnal hypoventilation.
There are a number of approaches to overnight monitoring that can be used to gain information about sleep-disordered breathing. These approaches are discussed in order of increasing complexity.
Pulse oximetry
The simplest assessment of sleep-disordered breathing is nocturnal oxygen saturation monitoring. Oxygen saturation traces may be difficult to interpret as apparent desaturation can be a consequence of movement artefact and poor signal. Technically satisfactory oximetry requires a correctly placed probe, typically sampling >60 times/s, with an output averaged over 4e10 s and displayed at 1 s intervals. The data need to be displayed with the plethysmographic waveform to allow the quality of the data to be assessed, and in a format which allows several hours of oximetry to be seen on a single screen and interrogated as necessary.
True oxygen desaturation may be a consequence of OSA or hypoventilation. OSA and hypoventilation occur more frequently in active sleep. If OSA is present, oximetry traces may show a typical saw tooth pattern of repeated cyclical oxygen desaturation in active sleep, whereas there may be periods of sustained oxygen desaturation if hypoventilation is occurring. These patterns are not always present such that OSA and hypoventilation cannot be reliably distinguished from each other using oximetry. Mild OSA may be present even if an oxygen saturation trace is normal, 73 and hypercapnia has been reported in children using NIV or continuous positive airway pressure (CPAP) despite normal oximetry (oxygen saturation never <92%).
74 Despite these observations, the Guideline Committee took the view that clinically significant hypoventilation as a consequence of muscle weakness is unlikely to occur in the absence of desaturation below 93%, and that technically satisfactory oximetry alone is an acceptable method of screening for hypoventilation in asymptomatic children with NMW when carbon dioxide monitoring is not readily available. The Committee would not recommend oximetry alone as a means of monitoring the effectiveness of ventilation in children using NIV, nor was it felt to be sufficient to exclude sleep-disordered breathing in symptomatic children. Oxygen saturation monitoring has been shown to be feasible at home in patients with DMD. 75 
Oxycapnography
Portable devices that can perform transcutaneous carbon dioxide measurement enable simple testing for oxygen and carbon dioxide monitoring during sleep. Periods of sustained oxygen desaturation coupled with sustained hypercapnia in active sleep strongly suggest hypoventilation, although this pattern is also possible in the context of severe OSA. Carbon dioxide measurements can be obtained using end-tidal or transcutaneous devices. Some transcutaneous devices allow simultaneous measurement of carbon dioxide and oxygen saturation and are suitable for subjects of all ages, including adults. In a retrospective review of 609 paediatric patients who had had PSG, transcutaneous carbon dioxide correlated well with end-tidal carbon dioxide measurements. 76 
Respiratory polygraphy (cardiorespiratory sleep studies)
The complexity of sleep polygraphy (cardiorespiratory sleep studies) varies between institutions. The core measurement channels include oximetry with plethysmograph signal, transcutaneous or end-tidal carbon dioxide monitoring, ECG, chest and abdominal inductance bands for assessment of thoracoabdominal breathing patterns, movement probe and nasal flow (detected either by nasal thermistor or pressure sensor). Other channels may include sleep position and video monitoring.
Sleep assessment in children may contain significant artefact, because of poor compliance with equipment and movement in sleep. The advantage of more complex studies is that more detailed information is collected, and artefact can be more easily excluded. The most important channel for identifying artefact is the oximetry plethysmograph which gives a measure of reliability to the oximetry value. Disadvantages of more complex studies include poor tolerance of intrusive equipment, which may interfere with the quality of the overall study. Nasal flow measurements can be particularly intrusive and may be counterproductive in some patients. 
Timing and frequency of overnight monitoring
There is some evidence that vital capacity is a valuable predictor of nocturnal hypoventilation, as discussed above. The other indications for assessment of sleep-associated hypoventilation suggested in table 5 are based on the expert opinion of the Guideline Committee.
There are no studies that evaluate how frequently sleep studies should be performed. The American Thoracic Society Consensus Statement for DMD suggests annual assessment. 77 In young children whose rate of disease progression is uncertain, or in older children who have shown a clinical deterioration or are suffering with repeated infections, sleep assessment may need to be more frequent than once a year.
Sleep data should be interpreted by an experienced reporter with appropriate training in sleep medicine. Most centres in the UK will have a dedicated sleep physiologist responsible for interpreting sleep studies.
Evidence
Evidence that overnight sleep monitoring can be used to predict progression in neuromuscular disease comes from two studies. In a randomised controlled trial of NIV versus no treatment in 26 patients with neuromuscular or chest wall disease who had nocturnal hypercapnia but daytime normocapnia, control patients progressed to daytime hypercapnia and/or progressive symptoms within 2 years. 78 In a retrospective longitudinal descriptive study of 18 non-ventilated patients with DMD (age >14 years, median 17.8 years), the minimum PaO 2 measured at night in a group of adolescents with DMD correlated with subsequent survival. 45 
Pulse oximetry
There are no studies that specifically evaluate whether oxygen saturation monitoring alone is adequate or necessary as a method for screening for nocturnal hypoventilation in children or adults with neuromuscular disease. There is one study of 50 
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Oxycapnography
There are no studies that specifically evaluate whether transcutaneous carbon dioxide monitoring coupled with oxygen saturation monitoring is adequate or necessary as a method for screening for nocturnal hypoventilation in children or adults with neuromuscular disease. The information provided by carbon dioxide monitoring in addition to oximetry was explored in a small study of 11 patients aged 15e75 years with a heterogeneous group of muscle diseases. Oximetry was compared with oxycapnography using end-tidal carbon dioxide. All five patients who had significant hypercapnia (end tidal CO 2 >47 mm Hg) also had evidence of oxygen desaturation. 79 
Respiratory polygraphy
There are no studies that specifically evaluate whether respiratory polygraphy is adequate or necessary as a method for screening for nocturnal hypoventilation in children or adults with neuromuscular disease.
Polysomnography
There are no studies that specifically evaluate what level of sleep monitoring is necessary to identify children with neuromuscular disease who have sleep-disordered breathing. Two consensus statements for the standard of care in DMD and SMA respectively both endorse full PSG as the study of choice for children who are at risk of sleep-disordered breathing. 77 80 These documents acknowledge the fact that detailed PSG or sleep polygraphy is not universally available and recommend the most detailed level of study possible given the available resources.
Recommendation < Assessment for sleep-disordered breathing should be carried out no less than annually for children who have a vital capacity of <60% predicted and for children who have become non-ambulant because of progressive muscle weakness or who never attain the ability to walk.
[D] Good practice points < Assessment for sleep-disordered breathing should be carried out no less than annually for all infants with weakness, children with NMW who have symptoms of OSA or hypoventilation, children with clinically apparent diaphragmatic weakness and children with rigid spine syndromes. Studies to identify aspiration lung disease Feeding difficulties are well described in paediatric neuromuscular disease. Swallowing difficulties will increase the risk of aspiration lung disease. Symptoms suggestive of progressive difficulty with swallowing include coughing or choking with feeds, and increasing time taken over mealtimes. 81 Aspiration may be silent and manifest as recurrent pneumonia. There is no gold standard investigation for identifying aspiration. If aspiration lung disease is suspected, most centres will involve a speech and language therapist to make an assessment of feeding and consider carrying out a videofluoroscopic swallow study (VFSS) if there are concerns regarding the safety of swallow. Feeding assessment will help formally identify whether oral manipulation of food, impairment of chewing or a compromised swallow are affecting the patient's ability to feed safely. The impact of positioning and head control is an important consideration.
If there are concerns regarding safety of swallowing after a swallow assessment has been made, then a VFSS should be considered. These studies provide detailed information about the oral and pharyngeal stages of the swallow manoeuvre. Frank laryngeal aspiration can be documented if it occurs. Penetration of the larynx with coating of the underside of the epiglottis is abnormal and can lead to aspiration, especially when patients become fatigued. Different muscle diseases will be associated with different swallowing problems. Patients with severe weakness such as children with SMA type 1 may have vocal cord paralysis and silent aspiration. 80 In children with DMD, the oral phase is most compromised and contributes to the risk of choking even when the pharyngeal phase is relatively preserved. 82 Children with NMW may only aspirate when unwell, when they may be weaker and having to cope with increased airway secretions. VFSS captures a snapshot in time and can be falsely reassuring. Even if the procedure is repeated on several occasions, particular features of a child's swallow including aspiration events may be missed; it is therefore important that VFSS results are interpreted alongside the case history and clinical evaluation. In a study of 30 patients with DMD aged 6e31, who had repeated chest infections or difficulties with choking, reported swallowing problems were not always associated with aspiration on VFSS. 82 Direct visualisation of swallowing can be achieved using a flexible endoscope. This involves placing a flexible endoscope via the nose into the posterior pharynx above the larynx to observe the larynx directly during the swallow manoeuvre. This requires skill and experience and is not currently a widely used approach for evaluating swallowing in children with neuromuscular disease.
Evidence
Four observational studies 81e84 in a total of 57 children with DMD, congenital myopathy or congenital muscular dystrophy using a combination of clinical assessment and VFSS have shown that VFSS is often abnormal in children with NMW, but that it does not always correlate with symptoms. In one study of 14 children with merosin-negative muscular dystrophy, five children who had either laryngeal penetration or tracheal aspiration shown on VFSS underwent gastrosotomy and stopped feeding orally, with subsequent weight gain a reduction of respiratory exacerbations. 81 Of 24 boys and young men with DMD assessed because of a history of swallowing difficulties or 
AIRWAY CLEARANCE AND RESPIRATORY MUSCLE TRAINING
Most independent airway clearance techniques start with the child taking a deep inspiration followed by a forced expiration (huff) or a cough. The deep breath gets air behind mucus (directly and via collateral ventilation), opens up the airway, loosens secretions in the small airways and mobilises the secretions to the larger airways. The secretions are then cleared from the central airways with an effective huff or cough. Independent airway clearance techniques are ineffective in children with significant NMW as they do not have the ability to take deep breaths, and they do not have an effective cough. Similarly oscillatory positive expiratory pressure devices are unsuitable for children with significant NMW since the child has to take a deeper than normal inspiration and breathe out against resistance while the device oscillates on expiration.
Chest physiotherapy techniques in children with NMW
Prior to chest physiotherapy inhaled treatment, including humidification, mucolytics, or hypertonic saline, may be beneficial to help promote secretion clearance.
Standard chest physiotherapy
Standard chest physiotherapy consists of postural drainage and manual techniques (percussion and vibrations). Chest percussion (chest clapping) is carried out using a hand, fingers or face mask and is generally well tolerated and widely used in small children and babies and may be effective in infants with NMW combined with nasopharyngeal suction. Chest vibrations involve the application of a rapid extra thoracic force at the beginning of expiration, followed by oscillatory compressions until expiration is complete. The compression and oscillation applied to the chest are believed to aid secretion clearance by increasing peak expiratory flow to move secretions towards the large airways for clearance by suction or a cough. Care needs to be applied with these techniques in infants when the chest wall is very compliant and the closing volume of the lung is high, as this can induce atelectasis. Greater benefit from standard chest physiotherapy may be achieved if the patient is able to take a deep breath. Deep breathing can be supported using noninvasive ventilators or by using intermittent positive pressure breathing (IPPB) devices.
Intrapulmonary percussive ventilation
Intrapulmonary percussive ventilation (IPV) is a modified method of IPPB which superimposes high-frequency mini bursts of air (100e300+ cycles per minute) on the individual's intrinsic inspiratory and expiratory breathing pattern. This creates an internal vibration (percussion) within the lungs and promotes secretion clearance.
High-frequency chest wall oscillation
High-frequency chest wall oscillation (HFCWO) can be provided by intermittent compression of the chest wall using an inflatable jacket or cuirass adjusted to fit snugly over the thorax, using frequencies of 5e20 Hz. Vibration of the chest wall produces oscillatory airflow which in turn promotes mobilisation of secretions from the peripheral airways towards the mouth. With IPV and HFCWO there is the potential to mobilise a large volume of secretions and therefore it is important to ensure that the appropriate emergency equipment (eg, resuscitation bag and suction) is available in case of mobilising a large mucus plug into a central airway.
Incentive spirometry
IS devices are designed to mimic natural sighing or yawning by encouraging the patient to take long, slow, deep breaths. This is accomplished by using a device that provides patients with visual or other positive feedback when they inhale at a predetermined flow rate or volume and sustain the inflation for a minimum of 3 s. The objectives of this procedure are to increase inspiratory volumes, improve inspiratory muscle performance, and re-establish or simulate the normal pattern of pulmonary hyperinflation. The device is often used in the postoperative period.
Augmented cough
Augmented cough methods are a key part of effective airway clearance in children with NMW. They have two componentsd first to increase inspired volume and second to increase the expiratory forces applied to the inspired volume; both components can be shown to increase expiratory flow rates during coughing.
When bulbar muscle function is adequate to hold the glottis closed, inspiratory lung volumes can be increased using a number of techniques. The maximum insufflation capacity (MIC) is the maximum volume of air stacked within the patient's lungs beyond spontaneous vital capacity. MIC is attained when patients take a deep breath, hold their breath and then airstacking is applied using a bag-valve mask device, a volumecycled ventilator or glossopharyngeal breathing. When bulbar dysfunction prevents effective breath-holding, passive insufflation methods can be used. This can be achieved using an adapted bag-valve mask system with a closed expiratory port (lung volume recruitment bag), 85 with MI-E devices, or with a volumecycled ventilator set to deliver a single inspiratory volume close to the predicted inspiratory capacity. 86 When passive methods are used, the inspiratory volume achieved is called the lung insufflation capacity. Glossopharyngeal breathing consists of a series of 6e10 pumping strokes produced by the action of the lips, tongue, soft pallet, pharynx and larynx. Air is held in the chest by the larynx, which acts as a valve as the mouth is opened for the next breath. 87 88 This represents the breathing pattern of a frog and is also known as 'frog breathing'. In addition to improve cough efficiency, glossopharyngeal breathing may have a role in enabling patients using daytime ventilation to have ventilator-free time. Some patients will have taught themselves to glossopharangeal breath to maintain self-ventilation during the day.
Expiratory airflow can be increased in children with NMW by compression of the chest wall or abdomen, sometimes called a manually assisted cough. Synchronous compression of the abdomen when the patient coughs causes a sudden increase in abdominal pressure; this causes the abdominal contents to push the diaphragm upwards, increasing expiratory airflow. 89 90 This technique can be combined with air-stacking to achieve greater expiratory airflow during coughing.
MI-E devices clear secretions by applying a positive pressure to the airway (insufflation), then rapidly shifting to negative pressure (exsufflation). The rapid shift in pressure produces a high expiratory flow of 6e11 litres/s (360e660 litres/min), simulating a natural cough. 
Evidence
Airway clearance methods during acute respiratory infection
There are no controlled studies demonstrating the benefit of chest physiotherapy in children with NMW during acute respiratory deterioration associated with respiratory infection. Expert opinion and clinical experience strongly suggest that chest physiotherapy is a critical part of the management of this problem, and controlled studies with a placebo arm would not be ethical. In children with NMW who require invasive ventilatory support during an acute exacerbation, effective airway clearance is essential for resolution and successful extubation. Treatment protocols associated with a high success rate of extubation, which include aggressive airway clearance, have been published. 39 67 68 91e94 Medium-term and long-term outcomes
There are no controlled studies demonstrating the benefit of chest physiotherapy on important medium-term and long-term outcomes such as avoidance of acute respiratory failure during respiratory infection, preservation of lung function or survival. Observational studies and retrospective case reviews have shown decreased hospitalisations and increased survival in children with NMW 39 68 91e96 compared with historical controls. Improved outcomes have been associated with the introduction of treatment protocols which include effective airway clearance techniques. Families are provided with oxygen saturation monitors to use at home and if oxygen saturation falls below 95% in room air during a respiratory infection, airway clearance techniques (MI-E, air-stacking and manual assisted cough) are used until oxygen saturations are improved. Treatment protocols over the period of time when improved outcomes were observed also included use of NIV, and it is difficult to separate the benefit due to effective airway clearance from that due to NIV.
Inhaled therapy (Dornase a, mucolytics, hypertonic saline) and use of humidification
No studies have evaluated the effects of inhaled therapies on secretion clearance in children with NMW. Children with NMW do not usually have underlying problems with mucociliary clearance or sputum rheology. No studies have evaluated the effect of humidification on airway clearance in children with neuromuscular disease using NIV.
Oscillatory therapies
The use of IPV was first reported in a case series of four patients (three children), three with NMW and one with atelectasis. Three patients demonstrated improvements in oxygenation and resolution of atelectasis on chest x-ray following IPV. One child required emergency cough assistance after IPV to clear a mucus plug from the trachea after the mobilisation of the secretions. 97 A study of eight adults with DMD with tracheostomies compared IPV to forced expiratory techniques and manually assisted coughing. 98 In five patients who had longstanding chronic hypersecretion (more than 30 ml of airway secretions per day suctioned via a tracheostomy), sputum clearance was greater using IPV. Reardon and colleagues 99 randomised 18 children (11e19 years of age) with neurological and neuromuscular disease to prophylactic IPV or IS for a 7-month period. Children in the IPV group had no pneumonia and no antibiotic use compared with three infections and 44 days of antibiotic use in the IS group. IPV was also associated with fewer total days in hospital for respiratory problems (none compared with 8 days) and fewer days absent from school.
There has been one study evaluating the effect of HFCWO. Twenty-three children with cerebral palsy (n¼9) and neuromuscular disease (n¼14) were randomised to treatment with HFCWO or conventional physiotherapy. 100 Of the 14 patients with NMW, 10 were on nocturnal NIV. Patients were instructed to carry out the treatment that they were assigned to three times daily for an average of 5 months. Between the two groups there was no significant difference in any of their primary outcome measures (hospitalisation and antibiotic use). Caregivers reported a greater adherence to HFCWO rather than conventional physiotherapy. In a case report of a child with SMA type 1, HFCWO was found to be safe and seemed to assist in resolution of previously unresolved atelectasis on chest x-ray. 101 
Incentive spirometry
There has been one randomised controlled trial (described in the previous section on oscillatory therapies) in which IS was compared with intrapulmonary IPV in nine children with NMW during a hospital admission. The IS group had an increased length of hospital admission and an increase in the amount of antibiotic use. 99 
Air-stacking
Air-stacking to achieve MIC has been shown to increase CPF in children with SMA and DMD.
86 102e105 Dohna-Schwake and colleagues 106 used IPPB via a mask or mouthpiece in a group of 29 children with NMW to achieve MIC. The mean pressure required for insufflation ranged from 22 to 40 mbar. The MIC increased from an unassisted inspiratory capacity of 0.6860.40 litres (mean6SD) to a MIC of 1.0560.47 litres (p<0.0001). CPF rose from 119658 litres/min to 195674 litres/min (p<0.0001). Patients with the lowest unassisted inspiratory capacity had greatest improvements in CPF. Lung insufflation capacity has been shown to increase CPF compared with an unassisted CPF in the presence of bulbar insufficiency. 86 In one study of 11 children with SMA who were taught glossopharyngeal breathing, five were able to learn the technique with a subsequent range of improvement in vital capacity of 0e58%. 107 In another study glossopharyngeal breathing was achieved by 27% of 78 patients with DMD (mean age 20.6+3.1 years). 108 In the patients who were able to learn glossopharyngeal breathing, vital capacity increased from 2446151 to 8246584 ml (p<0.001) and CPF from 164676 to 289691 litres/min (p<0.001) and delayed the need for daytime ventilator use.
Manual assisted cough
Manual assisted cough is a simple effective technique that can be used anywhere and has been shown to increase CPF in children and adults with NMW compared with their unassisted CPF.
103e105 109 110 Toussaint and colleagues 110 studied 179 patients with NMW who were over 8 years old. Sixty-five per cent of the patient group had DMD and 60% of the total group were using NIV. Their findings showed that manual assisted cough alone could improve CPF in patients with a vital capacity between 1030 and 1910 ml (or a maximum expiratory pressure of 14e34 cm H 2 O). Above or below these limits a manual assisted cough was unlikely to improve CPF.
Air-stacking combined with manual assisted cough
Several observational studies on adults and children with NMW have shown that combining air-stacking and manual assisted cough can lead to significantly greater improvements in CPF compared with use of either technique alone.
103e105 109 110 Toussaint and colleagues 110 found that in patients with NMW who had a vital capacity of <560 ml (but >340 ml) the combination of air-stacking and manual assisted cough was required to achieve a CPF above 180 litres/min. In patients with larger vital capacities air-stacking with or without manual cough assist could improve CPF, but the benefit decreased with increasing vital capacity.
Mechanical insufflation/exsufflation
There are no randomised controlled trials showing that mechanical insufflations/exsufflation (MIE) is more effective than other forms of physiotherapy in preventing respiratory exacerbation in children or adults with NMW. There are several studies which show that it is effective in increasing CPF. One study of 17 children with a range of neuromuscular disease 111 demonstrated that MI-E using a range of inspiratory and expiratory pressures (15e40 cm H 2 O) was well tolerated by children with no effect on oxygen saturation during manoeuvre, and no complaints of abdominal distension, chest pain or discomfort. A significant increase in CPF was seen after using MI-E at 40 cm H 2 O pressure. Another study of 22 patients (aged 10e56 years) with NMW compared the effectiveness of MI-E on increasing CPF with manual assisted cough or cough after a single inspiration supported by a non-invasive positive pressure ventilator. 112 The greatest increase in CPF was seen using the MI-E device (increase in CPF from 169+90 litres/min unassisted to 235 +111 litres/min with MI-E). No comparison has been made with air-stacking to MIC with or without manual cough assist.
The most effective pressures to use during MI-E are unclear. Some authors report better efficacy with higher pressure spans (+40 to À60 cm H 2 O), 39 115 reported the use of MI-E in 62 children (mean age 11.3 years) with NMW used for a mean duration of 13.4 months. MI-E was well tolerated in 90% of patients, with a resolution of chronic atelectasis in four patients.
MI-E has been used during chest infections in patients with NMW. In a crossover study of eight patients with NMW using NIV, use of MI-E significantly reduced treatment time compared with conventional chest physiotherapy with breathing support from the non-invasive ventilator (30 min for MI-E vs 47 min for conventional physiotherapy, p¼0.03). The use of MI-E was accompanied by higher subjective feeling of fatigue. 114 Vianello and colleagues 116 compared 11 consecutive patients (two children) with NMW, who were admitted to the intensive treatment unit with a respiratory infection and who were treated with MI-E, with 16 historical controls (two children) who did not receive MI-E. Treatment failure (need for mini tracheostomy or intubation) was lower in the group treated with MI-E (2/11 vs 10/16, p<0.05).
Although pneumothorax is a potential risk from any positive pressure device there have been no reports of pneumothorax directly attributable to MI-E devices in children. There is a case report of two adult patients with NMW who were using MI-E and who developed pneumothoraces. 117 There were other risk factors for pneumothorax in these patients, including the use of NIV and mild chronic obstructive lung disease.
Evidence statements Use of airway clearance techniques which increase CPF, as part of a homecare treatment package which includes NIV, is associated with decreased hospital admission for respiratory infection and improved survival (evidence level 3). Several airway clearance techniques are available. The most effective method for a particular child depends on the ability of the child to cooperate with treatment and the severity of the child's weakness (evidence level 3).
Recommendations < Children with ineffective cough (including children over 12 years of age with CPF <270 litres/min), particularly if 
Respiratory muscle training
Respiratory muscle training in normal subjects can lead to improvements in respiratory muscle strength and endurance. 118 This observation has led to the application of respiratory muscle training to a number of disease states, including adults and children with NMW, with the aim of preserving or improving daytime and night-time ventilatory capacity and reducing respiratory exacerbations by improving cough efficiency. Respiratory muscle strength is assessed by measuring maximal mouth inspiratory pressure and/or expiratory pressure the subject can generate. Respiratory muscle endurance is assessed by measuring the subject's maximum ventilation volume over a set period of time, typically 10e15 s (maximum voluntary ventilation), or by the duration for which a subject can breathe against a predetermined inspiratory load. Respiratory muscle strength training involves performing repetitive 
BTS guidelines
a closed glottis or a nearly occluded resistor valve. Endurance training involves breathing through a variable resistor at a predetermined percentage of maximum capacity for a set period of time. Training programmes usually involve exercises for 10e20 min once or twice per day.
Evidence
There are no studies that have assessed the effects of respiratory muscle training in children or adults with neuromuscular disease on the clinically important outcomes of maintenance of ventilatory function over time, or on the reduction of respiratory exacerbations.
There are five randomised controlled studies of respiratory muscle training in a total of 107 children and adolescents with NMW which assessed changes in respiratory muscle strength and/or endurance as outcome measures.
119e123 Most study subjects had DMD; the remainder had SMA type 2 or 3. The training usually consisted of daily inspiratory and/or expiratory manoeuvres against a resistive load with a placebo arm using similar exercises without resistive loads. Training was carried out for 1e6 months. Three studies showed improvements in respiratory muscle strength and three studies showed improvements in respiratory muscle endurance. In one study the magnitude of improved respiratory endurance was correlated with total training time over a 6-week period. 122 Duration of improvement in respiratory muscle strength was variable, returning to baseline 3 months after cessation of training in one study 119 and persisting for 6 months in another. 123 In the study by Wanke and colleagues, there was no improvement in respiratory muscle strength after 4 weeks training in a subgroup of five subjects who had a vital capacity of <25% predicted and/or daytime hypercapnia. 123 No studies showed an improvement in lung volumes associated with respiratory muscle training.
There are two longer-term observational studies (9 and 24 months' duration) assessing the effects of respiratory muscle training on mixed population of 43 children and young adults with DMD and SMA. 124 125 Both studies showed sustained improvements in respiratory muscle strength and endurance while training was maintained. The study subjects had a wide range of baseline lung function (vital capacity 27e100% predicted). Response to respiratory muscle training was not dependent on starting baseline vital capacity. There was no improvement in vital capacity associated with respiratory muscle training. Koessler and colleagues showed no fall in vital capacity over 2 years in their group of 27 boys with DMD. 124 The absence of a control group makes interpretation of this observation difficult. There was no evidence of increased muscle damage caused by training in either study.
Evidence statement Respiratory muscle training can improve respiratory muscle strength and endurance in children and young adults with DMD (evidence level 1e).
ASSISTED VENTILATION
Assisted ventilation is used in children with NMW for the following reasons:
To treat the symptoms of nocturnal hypoventilation.
To treat the symptoms of daytime hypoventilation.
To reduce the frequency of hospital admission for chest infections.
To prevent chest wall deformity in young children with the expectation of improved long-term outcome.
To prolong life.
Non-invasive ventilation
Ventilation delivered via nasal mask, nasal pillows, face mask or mouthpiece is called NIV. NIV can be used to support breathing in children with NMW, at home and in hospital. Nasal masks or pillows and face masks are commercially available for all except the smallest infants. The mask is usually held in place with straps and a cap which fit over the head. Nasal masks or pillows are usually the most comfortable to use, and for most children will be the interface of first choice. Air leaks can occur through an open mouth when using nasal mask ventilation, and when this is a problem a chin strap or a mask covering the nose and mouth (face mask) may be needed. Nearly all children can be persuaded to wear a nasal or face mask at night for the purposes of ventilation, and once they become adapted to the ventilation will use it without difficulty. High compliance rates are usual, particularly when the child and the family appreciate that the NIV has led to symptomatic improvement. Untreated nocturnal hypoventilation can lead to daytime hypercapnia. Effective NIV which corrects nocturnal hypoventilation can also reverse daytime hypercapnia. The mechanisms by which nocturnal NIV improves daytime spontaneous ventilation are not fully understood; improved hypercapnic ventilatory response appears to be a consistent finding in studies on this topic.
126e131
In children with more severe weakness, respiratory failure with hypercapnia can occur during wakefulness and during sleep to an extent that is not reversed by nocturnal ventilation alone. For these children, daytime NIV is used to relieve symptoms of hypoventilation, improve QOL and improve life expectancy. Daytime NIV can be delivered using the same nasal masks or pillows as those used for night-time ventilation. For older children who have sufficient motor and cognitive skills, mouthpiece ventilation may be preferred. Fitting a nasal mask or pillows for daytime ventilation requires a carer, and once on, may interfere with social interaction, speech and eating. Mouthpiece ventilation, using a harness to hold the mouthpiece close to the patient's face, allows the patient to control their ventilation and to take breaths as and when required. When children require ventilation for more than 16 h in each 24 h period, a tracheostomy may provide a more satisfactory interface between the child and the ventilator than a mask (see section on tracheostomy).
Evidence
Correction of nocturnal hypoventilation and relief of symptoms
The evidence that NIV is effective at correcting nocturnal hypoventilation and in alleviating the associated symptoms comes from one randomised study of a mixed population of children and adults 78 and four non-randomised observational studies of children. 130 132e134 The children in the studies had NMW caused by a range of conditions, including DMD, SMA, congenital myopathies and congenital muscular dystrophies. All had nocturnal hypoventilation with or without daytime hypercapnia.
The single randomised trial of NIV for nocturnal hypoventilation 78 included several school age children (mean age of participants 18 years, range 7e51 years). The subjects were identified from a clinic population of patients with congenital neuromuscular or chest wall disease, with either symptoms of nocturnal hypoventilation or a vital capacity of <50% predicted, and assessed by daytime blood gases and night-time oxygenation and carbon dioxide measurements. Those with the combination of nocturnal hypoventilation and daytime normocapnia were randomised to either nocturnal NIV or standard care and followed for 2 years. NIV was effective at correcting nocturnal hypoventilation and led to an improvement in QOL scores. Of note, 9 out of 10 patients in the control group were started on NIV by the end of the 2-year trial; two for relief of symptoms of nocturnal hypoventilation, five after they developed daytime hypercapnia, one because of poor growth and one for falling lung function.
In the four observational studies 130 132e134 a total of 91 children were commenced on NIV because of symptoms of hypoventilation, the presence of daytime hypercapnia, or following an episode of respiratory failure. In most children some form of physiological monitoring was available prior to commencing NIV. Three of the four studies assessed symptoms and QOL. Symptoms were assessed by questionnaire or parental recall. All four studies showed improvement in oxygenation and carbon dioxide levels during sleep and markedly improved respiratory disturbance index. Symptom scores were also significantly improved. In one study, 130 30 children who had been established on NIV were asked to discontinue NIV for three nights. Eight families refused and 12 children made an attempt, but resumed NIV on the first night because of symptoms. Ten children completed three nights without NIV. In all 10 children there was a prompt return of nocturnal hypoventilation with hypercapnia. All five studies showed that nocturnal NIV was effective at reversing daytime hypercapnia.
There has been one randomised trial of early NIV, used to try and prevent progression to daytime respiratory failure. 135 This was carried out in boys with DMD (mean age 15.5 years) who were considered not to require immediate NIV on the basis of having a vital capacity >20% predicted and a normal daytime arterial carbon dioxide level. They were randomised to NIV or conventional treatment and followed for 5 years. The primary endpoint of the study was survival. There was no survival benefit in the group using NIV; there were eight deaths (five from respiratory failure) in the NIV group compared with two deaths (one from respiratory failure) in the control group. This study has a number of drawbacks. It does not comment on whether patients had symptomatic nocturnal hypoventilation or whether this was corrected by NIV. No overnight oximetry or capnography was carried out. Compliance with NIV was ascertained by patient and parental report only. Conventional care was said to include the use of antibiotics and physiotherapy, but details are sparse, and specific interventions to improve cough and secretion clearance are not discussed. This study does suggest that provision of NIV in those who are predominantly asymptomatic, without careful monitoring of its effectiveness and without attention to other aspects of general and respiratory health (in particular to airway secretion clearance), is not likely to be successful.
Evidence statements NIV is effective in correcting sleep-disordered breathing and daytime hypercapnia (evidence level 1e). NIV is effective in alleviating the symptoms of nocturnal hypoventilation (evidence level 1e). Preventive use of NIV in children with DMD does not alter progression to respiratory failure (evidence level 1e).
Reduction in hospital admission
The evidence that use of NIV reduces the frequency of hospital admission comes from three small retrospective studies. 134 136 137 Combined together the studies included 59 children with NMW started on NIV for documented nocturnal hypoventilation, daytime hypercapnia, following acute deterioration or because of recurrent hospital admissions with respiratory exacerbations. All three studies compared the rate of hospital admission in the year preceding NIV to the year following commencement of NIV. All three studies showed reduction in the frequency of admission (2e4 per year pre NIV vs 1 per year post NIV) and total hospital days (40e50 per year pre NIV vs 10 per year post NIV) in the year following commencement of NIV. The studies are retrospective and it is likely that factors other than NIV also contributed to the reduction in hospital admission, for example, increased use of effective chest physiotherapy for clearance of airway secretions. Tzeng and Bach 39 
Prevention of chest wall deformity
Chest wall deformity, typically pectus excavatum, is common in children with severe forms of SMA. This is thought to arise as a result of the action of the relatively spared diaphragm on the weak chest wall. Respiratory movements are asynchronous with diaphragmatic descent causing outward movement of the abdomen and in-drawing of the lower chest. Initially the bellshaped chest shape is reversible with positive pressure ventilation, but in the longer term pectus excavatum can become a fixed deformity. Avoidance of chest wall deformity may preserve larger passive lung volumes in later life, potentially allowing easier ventilation and better CPFs. The evidence that NIV can prevent chest wall deformity is based on two observational studies of infants with SMA. 96 138 In these studies chest wall deformity could be prevented or reversed by use of highspan NIV using median peak pressures 18 cm H 2 O. Titrating NIV pressure so that NIV not only corrects nocturnal hypoventilation, but also abolishes asynchronous chest and abdominal movements, may be a useful assessment of the effectiveness of NIV in preventing longer-term chest wall deformity. 139 Evidence statement NIV may be effective in preventing chest wall deformity in children with SMA (evidence level 3).
Increased life expectancy
The evidence that NIV results in prolongation of life in children with life-limiting NMW comes from seven studies of children with either DMD or SMA.
36 93e95 140e142 Four studies describe significantly improved survival of boys with DMD compared with historical controls. Improved survival was attributed to routine use of NIV, although more effective airway clearance interventions are likely to have contributed. One study 36 described the clinical course of 10 patients with DMD with daytime hypercapnia (mean age 20.2 years). Five patients were treated with NIV while the other five refused the intervention. At the end of the 2-year follow-up period, four out of the five patients who declined the use of NIV had died of respiratory failure, while all five of the ventilated group were still alive. Two studies 94 95 describe the outcome of children with SMA type 1, one based on a questionnaire survey sent to 391 families of affected children and one based on a retrospective review of 92 children attending a single clinic. Both showed that improved survival was associated with use of mechanical ventilation (via mask or tracheostomy). 
Use of NIV for daytime ventilation
The evidence that daytime ventilation can be delivered effectively via a mask or mouthpiece (rather than a tracheostomy) comes from three observational studiesdtwo in patients with DMD (a total of 66 patients) 143 144 and one in children with SMA type 1 (47 children from one centre). 94 In Ventilator types, modes and set up Ventilator types
There is a wide range of home ventilators suitable for use in children with NMW. The two main ventilator types are pressure-targeted ventilators and volume-targeted ventilators. Some (more expensive) hybrid machines can operate in volumetargeted and pressure-targeted modes, and some can deliver a pressure-targeted volume-assured mode. There are no longterm studies comparing clinically important outcomes (symptom control, hospital admission, survival) for different modes of ventilation. Early home ventilation devices were volume targeted, and delivered a preset tidal or minute volume, and volume-targeted machines are still preferred by some centres. A major benefit of volume-targeted machines is the ability to use the ventilator to assist with air-stacking as part of assisting coughing techniques. Although volume-targeted ventilators have the potential to deliver known tidal volumes, most machines have a limited capacity to correct for leaks (either around the mask or through the mouth if a nasal mask is used) and this can lead to underventilation.
Pressure-targeted ventilators tend to be lighter and cheaper than volume-targeted machines. Pressure-targeted ventilators are designed to increase flow until peak pressure is reached, which means that they effectively compensate for all but the largest leaks. Pressure-targeted ventilators use a single limb circuit with exhaled gas usually being vented through ports near the face or nasal mask. There is the potential to re-breathe carbon dioxide if airflow is low during expiration, 145 and for this reason, a minimum end expiratory pressure of 4 cm H 2 O when using pressure-targeted ventilation is advisable. If hypercapnia persists despite otherwise adequate ventilation, and is thought to be related to re-breathing of carbon dioxide, a low-resistance expiratory valve can be added to the circuit.
Ventilator modes
A variety of different modes of ventilation are available using pressure-targeted and volume-targeted ventilators. There are two common modes used in neuromuscular patients; one whereby the patient can trigger a supported breath, but cannot control the inspiratory timedthis mode is variously called spontaneous/ timed, assist/control or pressure-control ventilation; and one whereby the patient can trigger a supported breath and control the length of the breathdthis mode is called pressure-support ventilation. The purpose of having different modes is to try and maximise patienteventilator synchrony and patient comfort and to minimise respiratory work. During pressure-support ventilation, inspiration continues after a breath is triggered or initiated by the ventilator until inspiratory flow falls to a preset level, or for a maximum of 3 s. This can be the most comfortable mode of ventilation in adults, but is not suitable for most small children with small tidal volumes. Fauroux and colleagues 146 bench-tested the performance of 17 ventilators used for home NIV, using a lung model. The sensitivity of the expiratory (and inspiratory) trigger of most of the ventilators was ineffective for infants and for older children when there was a leak in the circuit. The inability of the ventilator to detect the child's expiratory effort will result in long and uncomfortable inspirations. For these children ventilator modes with a fixed inspiratory time are more effective and better tolerated.
Although the need for a back-up rate has not been demonstrated by clinical trials, clinical experience shows that most children with NMW who are effectively ventilated during sleep will breathe at the back-up rate, with ventilator-initiated, rather the patient-triggered breaths.
Starting NIV
In children with clinically stable conditions, nocturnal NIV can be established gradually in the home setting over a period of several nights, building up the time the child uses on the ventilator, with support usually from a specialist nurse practitioner. For many children the indication for NIV will be symptomatic hypoventilation, and relief from these symptoms is usually sufficient to persuade both the child and the parents of the value of continuing with the treatment. It is therefore important that if the initial pressure or volume settings chosen are low, to promote tolerance to the ventilator, they are increased quickly to those likely to provide effective ventilation.
Evidence
There is one study that has compared the effectiveness of NIV started in the inpatient setting to that started in the outpatient setting. 147 This was a randomised trial of 28 children and adults starting NIV for symptomatic nocturnal hypoventilation. Fourteen patients started NIV as inpatients (median length of hospital stay was 4 days) and 14 as outpatients (one or two outpatient visits). All patients received follow-up advice by telephone. When assessed 2 months later, there was no difference in improvement of nocturnal gas exchange, compliance with ventilator use, or QOL between the two groups.
Evidence statement Children with stable disease can be started on NIV without need for admission to hospital (evidence level 1e).
Good practice points < Clinical teams caring for children using home ventilators should become familiar with a small number of machines. Monitoring children using NIV Irrespective of the circumstances in which NIV is started, the primary purpose of NIV is to correct hypoventilation and the associated symptoms. Effectiveness of NIV will vary according to several factors, including the age of the child, the compliance of the lungs and chest wall, and the fit of the mask. Once the child is able to tolerate NIV throughout the night (a process that usually takes two to three nights), monitoring should be carried out to check that hypoventilation has been abolished. The minimum requirement is a sleep study recording continuous oximetry and capnography. When correction of thoraco-abdominal asynchrony is desirable (with the expectation that it will prevent long-term chest wall deformity), then a sleep study which includes chest and abdominal movement analysis in addition to oximetry and capnography will be needed. Adjustments of NIV settings may be necessary to achieve the desired outcome. Reported symptomatic improvement alone is not a reliable means of assessing the effectiveness of NIVdpartial correction of nocturnal hypoventilation may lead to incomplete symptom improvement. The frequency at which further monitoring should be carried out depends on the clinical circumstances. Newly diagnosed infants with profound weakness may need to be seen every few weeks. In older stable children with slowly progressive or nonprogressive disease, annual assessment is sufficient.
NIV will not work unless it is being used. Adherence to NIV in children, who will be supported by their parents, is not usually a problem. Many ventilators have a timer which indicates hours of use, and this can be used to assess adherence. When discussing issues of adherence, it is important to remember that for many children the primary purpose of NIV is relief of symptoms.
Leaks
Leaks are inevitable when delivering ventilation via mask interfaces and are a common reason for NIV to be ineffective and to be poorly tolerated. Leaks around the mask can be minimised by careful mask selection. There is now a wide variety of paediatric masks, including nasal pillows, nasal masks or full face masks. The choice of interfaces for infants remains limited. Mouth leaks when using a nasal mask can be reduced either by a chin strap or by switching to a full face mask.
Humidification
Humidification is generally not required in children using NIV at night-time only. In children using NIV during the day and at night, humidification may be helpful in preventing drying of secretions and may improve tolerability. The most effective humidification is provided by heated tube humidification systems.
Evidence
There are no studies on the optimum frequency and nature of monitoring for children using NIV.
Three studies in adults report the effects of leaks in patients using nocturnal ventilation.
148e150 Air leaks were found in all patients, and in one study of NIV volume-targeted ventilation an average of 25% of the ventilator-delivered breaths were lost to air leak. In another study, switching patients to ventilators with leak adjustment led to improvements in morning arterial carbon dioxide levels. In a small study of six adults using pressuretargeted ventilation, 60e90% of arousals during sleep occurred after a period of leak, and the leak stopped temporarily after the arousal. Oxygen saturation was maintained by leak compensation in all but one patient, suggesting mechanisms such as increased airflow were the cause of the arousal rather than hypoxaemia.
Evidence statement Air leaks are common in patients using nasal mask NIV and can result in incomplete correction of nocturnal hypoventilation and sleep disturbance (evidence level 3). Adverse effects of NIV Skin breakdown
Recommendations
Break down of the skin, usually on the bridge of the nose or forehead, can occur when using nasal or face-mask ventilation. Prevention is better than cure, and careful attention to mask fitting, and avoidance of over-tight straps is usually sufficient to keep the contact areas healthy. It is better to allow a small leak around the mask, than to have it overly tight. When red patches are seen after mask use, these should be dealt with promptly before the skin breaks down. Use of wound care tape, particularly those made of hydrocolloid material, is often helpful. Forehead spacers can also reduce the pressure of the mask on the nasal bridge. A wide range of commercial masks are now available for older children and changing the mask to one which avoids the area of skin damage is usually possible. This is more difficult for infants in whom there is a much more limited choice of interfaces. Custom-made masks are associated with a lower incidence of skin injury. 151 
Mid-face hypoplasia
Pressure from the nasal or face mask used for NIV on the growing face can result in under-development of the maxilla, leading to mid-face flattening and mal-occlusion of the teeth. There are no large studies indicating the incidence of this problem, nor how it should be managed. Fauroux and colleagues 151 report a survey of 40 children using NIV or CPAP for at least 4 weeks. Global facial flattening was seen in 68% of children. Twleve per cent were described as having a concave facial appearance. Facial flattening did not appear to be associated with type of mask, age or duration of use. Maxillary retrusion was seen in 37% of children, and this was associated with how many hours the mask was worn each day. One case report describes how a nasal mask was successfully modified to allow orthodontic treatment in a 7-year old girl who has used nocturnal NIV from the age of 9 months. 152 Full face masks which avoid pressure on the maxilla may also be effective in managing maxillary retrusion.
Good practice point < Assessment for skin injury and facial flattening should be carried out regularly in children using NIV and the mask interface adjusted as necessary to minimise these complications.
[O] When should a tracheostomy be considered?
Severe bulbar dysfunction. When there is severe bulbar dysfunction resulting in frequent aspiration, tracheostomy may be necessary to allow more effective airway clearance. Failure to extubate. After an acute exacerbation has led to a period of invasive ventilation and extubation has failed despite optimal management for 2 weeks or more. When ventilatory support is needed for more than 16 h per day. When there is failure to correct hypoxaemia or hypercapnia with NIV. Severe mid-face hypoplasia not correctable by adjusting the NIV interface. The preferences of the family, child or young person and the experience of the clinical team need to be taken into account when making this decision. Tracheostomies have the advantage of leaving the face free, making social interaction and eating easier and providing direct access for suction. They also provide a more secure interface for patients who are ventilator dependent.
Tracheostomy complications
Use of tracheostomy in young children with severe NMW can result in immediate loss of autonomous breathing, possibly because loss of laryngeal function results in an inability to maintain an effective functional residual capacity. Very weak children with tracheostomies are also less likely to be able to speak than those supported on NIV. In surveys of adults needing daytime ventilation some clearly prefer NIV to tracheostomy (the converse is also true), and tracheostomy ventilation may be associated with more respiratory symptoms and more frequent hospital admission than similar patients using NIV.
Adverse effects of tracheostomies include increased respiratory secretions and respiratory infections, dysphagia, granuloma formation and tracheo-arterial fistulas with catastrophic haemorrhage. 153 154 Most of these problems can be minimised by using a well fitting flexible tracheostomy tube, centred in the tracheal lumen. Tracheostomy tubes are more likely to rub against the tracheal wall when the airway is distorted, such as in children with scoliosis. Tracheal erosions can be exacerbated by unsupported ventilator tubing pulling on tracheostomy tubes and inappropriate tracheal suction. Flexible endoscopy can be used to check that end of the tracheostomy tube is centred in the trachea and that the trachea is healthy.
Evidence
There are three studies that compare outcomes in patients with diurnal respiratory failure supported by tracheostomy or NIV. Soudon and colleagues 144 compared the clinical course of 16 patients with DMD managed with tracheostomy ventilation (mean age 32.7 years) with that of 26 patients using NIV (mean age 27 years). Over a 5-year period there was no difference in mortality. Sixty per cent of the patients with tracheostomy had problems related to the tracheostomydmainly related to suction and granuloma formation. Patients in the tracheostomy group had more chest infections (38% in the tracheostomy group vs 8% in the NIV group). Loss of weight and need for gastric feeding appeared less frequent in the tracheostomy group. Bach and colleagues 155 carried out a postal questionnaire of 654 adult patients using home ventilation. Of the patients with DMD, 33 were using NIV for more than 16 h per day and 24 were ventilated via a tracheostomy. There was a lower rate of hospital admissions in the patients using NIV (0.2 admissions per patient per year vs 0.6 admissions per patient per year; p<0.05). Similar results were seen when comparing NIV with tracheostomy ventilation for patients with other forms of myopathy. There were no apparent differences in bulbar function or duration of ventilator use between those using tracheostomy ventilation and NIV.
Bach and colleagues 94 describe the outcome of 74 infants with SMA type 1 in a non-randomised study. Forty-seven children were managed with NIV and 27 had tracheostomies. Patient care was otherwise similar between the two groups, including provision of home oximeters and mechanical cough assist devices, with appropriate training and protocols for their use. The followup period was a mean of 5 years. Twenty-five out of the 27 patients with tracheostomy lost autonomous breathing immediately after the tracheostomy procedure. Of the 47 patients using NIV, 32 used it only during sleep, 6 required it for more than 16 h/day and became hypercapnic and dyspnoeic when not using it, and 9 required it continuously, with little or no breathing autonomy. All patients required NIV continuously during upper respiratory tract infections. Mortality in the two groups was similar (5/27 in the tracheostomy group and 8/47 in the NIV group), most attributable to sudden death at home or related to respiratory infection. Hospitalisation was more frequent in the NIV group in the first 3 yearsd1.6 admissions per patient per year compared with 0.4 admissions per patient per year in the tracheostomy group. After the age of 5 years hospital admission was unusual in either group (0.1 admissions per patient per year). The 47 children in the NIV group underwent a total of 194 intubations for respiratory failureda substantial burden. More of the children in the NIV group could communicate verbally (34/47 vs 6/27 in the tracheostomy group).
Two studies have assessed patient choice with respect to NIV or tracheostomy ventilation. Bach 156 reported the findings from 168 adults who used home ventilation (mean age 55 years), most of whom were polio survivors with non-progressive disease, who had used both tracheostomy ventilation and NIV, each for at least 1 month. At the time of the survey 111 patients were using tracheostomy ventilation and 59 were using NIV. Of the 111 patients using tracheostomy ventilation, 49 expressed a preference for NIV, 42 for tracheostomy and 14 had no preference. Of the 59 patients using NIV, all preferred NIV over tracheostomy ventilation. Markstrom and colleagues 157 assessed QOL by postal questionnaires in 91 adults (mean age 59 years) using home ventilation for restrictive lung disease, including 16 patients with neuromuscular disease. Sixty patients used NIV and 31 used tracheostomy ventilation. The QOL scores, using two out of three different measures, were no different between the NIV and tracheostomy groups. For the third measure of QOL there was a significantly better score in the tracheostomy group, but the difference between the groups was small (NIV group score 25.263.6 compared with 27.863.7 in the tracheostomy group; possible scores range from 9 to 36).
Good practice points < Tracheostomy tubes should be carefully sized and sited to ensure the tip of the tube does not abut the tracheal wall.
[O] < Family and child preference should be taken into account when considering tracheostomy to facilitate diurnal ventilation.
Negative pressure ventilation
Negative pressure ventilators, including iron lungs, cuirass ventilators and wrap ventilators (a rigid plastic thoracic cage and a nylon poncho), and abdominal displacement ventilators such as the rocking bed and the pneumobelt were widely used between 1920 and the late 1980s. There are reports of negative pressure ventilators being used in patients with NMW, including those with DMD. 158 The devices were effective at correcting night-time ventilation, although in weaker patients upper airway obstruction during sleep limited their effectiveness. The devices tended to be cumbersome and uncomfortable and have now been almost entirely superseded by modern positive pressure ventilators.
A modern version of the negative pressure cuirass is available commercially, and can be used to support breathing in children and infants with NMW, particularly those with diaphragmatic weakness. It can be useful as an adjunct to NIV for short periods of time, including use when weaning children from positive pressure ventilation. An appropriate fit may be difficult in children with severe thoracic scoliosis.
There are no studies on the use of negative pressure ventilation in children with neuromuscular disease.
Oxygen
Recurrent desaturation during sleep occurs in children with NMW and nocturnal hypoventilation. While clinical teams familiar with this problem will quickly recognise that ventilatory support is required, less experienced teams may believe that supplementary oxygen given during sleep would be helpful. This situation may arise in children with unrecognised nocturnal hypoventilation who are admitted to hospital for surgical procedures or for treatment of chest infection, and are found to have night-time desaturation during admission. Use of oxygen alone in these situations can worsen alveolar hypoventilation. If the child is normocapnic and normoxic during wakefulness, commencing ventilatory support is not urgent, and appropriate referral can be made if this service is not available in the child's local hospital.
Evidence
There is only one study on the use of oxygen therapy in patients with hypoventilation due to NMW. 159 This was an observational study of seven young adults with DMD with normal daytime blood gases. Six subjects had significant desaturation episodes at night, mainly during REM sleep. Oxygen therapy was effective at preventing desaturation in five out of six subjects. In all subjects use of oxygen was associated with a significant increase in the duration of REM-associated apnoea and hypopnoea.
Evidence statement Although low flow oxygen overnight can reduce sleep hypoxaemia in subjects with nocturnal hypoventilation, it is associated with prolongation of underlying sleep hypopnoea and apnoeic events (evidence level 3).
Good practice point < Oxygen alone should not be used to correct hypoxaemia caused by hypoventilation in patients with neuromuscular disease. [O] Acute respiratory failure
Acute respiratory failure in children with NMW is usually precipitated by viral respiratory infection; onset is usually over a few days, with increasing respiratory secretions and increasing respiratory work. Without intervention, the child may tire, with worsening of carbon dioxide retention and decompensation. Respiratory failure may also occur after surgery, particularly scoliosis surgery, usually because of pain or increased airway secretions associated with tracheal intubation. Successful management of acute respiratory failure requires anticipation and early intervention. Effective airway clearance is essential; methods that can be used are described elsewhere in the guideline. General supportive care is also important, including maintenance of fluid balance and nutrition. Increased respiratory work in children with NMW, and especially those with SMA, may result in metabolic acidosis, increased respiratory drive and worsening fatigue. NIV can support children at risk of respiratory failure and prevent the need for intubation. In children who have been intubated, either for respiratory failure or for the purposes of surgery, NIV can successfully facilitate extubation. Extubation is more likely to be successful if airway secretions are minimal, supplemental oxygen is not required and effective airway clearance methods are used before and after extubation. Children who are immediately supported with NIV after extubation will be less likely to tire and require re-intubation.
The evidence that NIV can be used to manage acute respiratory failure without the need for intubation in children and young people with NMW comes from five observational studies on a total of 55 subjects, age range 3 months to 69 years, 48 known to be under 25 years. 160e164 In 46 of the 60 episodes of acute respiratory failure affecting patients under 25 years of age, NIV was successful and intubation was not required. In one of the studies, 162 NIV was combined with cricothyroid mini-tracheostomy to facilitate secretion clearance. Failure of NIV was associated with bulbar dysfunction and difficulty clearing airway secretions. The methods used for airway clearance methods are poorly described, and the impact of effective airway clearance, for example, with mechanical cough assist devices, on the success rate of NIV in the management of acute respiratory failure is not known.
The evidence that NIV can facilitate extubation in children with NMW comes from three observational studies on a total of 25 children (age 2 months to 17 years). 92 161 165 The majority of the children had been intubated and ventilated following an episode of acute respiratory failure; two had been intubated as part of anaesthesia for surgery. Twenty-two of these children were successfully extubated using NIV either as a transition to self-ventilation or to long-term nocturnal use of NIV for respiratory support. Bach and colleagues 92 describe a protocol for the management of intubated children with severe muscle weakness. The key elements of this protocol are limited requirement for suction and no requirement of supplemental oxygen prior to extubation, frequent airway clearance using MI-E before and after extubation, and extubation to continuous NIV. Nine children with severe SMA had 28 episodes of respiratory compromise resulting in 48 intubation events. Extubation using conventional weaning methods was successful in two out of 20 attempts compared with 23 out of 28 attempts using the protocol (p<0.001). 92 The same protocol has been successfully used in a 157 adults and children with a wide range of myopathic conditions, including 25 with SMA and 20 with DMD. 67 These subjects were unable to pass conventional trials of spontaneous breathing prior to extubation.
Evidence statements NIV is a safe and effective therapeutic option for treatment of acute respiratory failure in children with neuromuscular diseases (evidence level 3). 
PLANNING FOR SURGICAL PROCEDURES
Children with NMW are vulnerable to the adverse effects of general anaesthesia and surgery and have increased intraoperative and postoperative morbidity. Respiratory muscle strength is diminished in the postoperative period, most often due to the combined effects of pain and sedation, and can result in hypoventilation and airway secretion retention. With proper planning major surgery can be successfully carried out in children with severe NMW, including those using non-invasive ventilatory support. Preoperative assessment is recommended to identify children with NMW at risk of adverse outcome after surgery; risk factors include daytime and/or night-time hypoventilation, vital capacity <60% predicted and ineffective cough. Cardiac assessment is important in children with conditions that involve cardiac muscle, such as DMD. Nutritional status should also be reviewed. In very high-risk children, it may be appropriate to discuss with the family the risk of prolonged mechanical ventilation after surgery, and in some circumstances, the possibility of tracheostomy. Preoperative training using airway clearance techniques and in the use of NIV may be helpful if it is anticipated that either may be needed in the postoperative period. NIV is often most effective when used immediately after extubation (see section on acute respiratory failure); the alternative of waiting to see if the child can manage without support can lead to exhaustion, secretion retention and the need for reintubation. Specific protocols (see section on acute respiratory failure) can improve the success of extubation of children with NMW, particularly for those: who already use NIV (usually for nocturnal hypoventilation) who have a previous history of failed extubation with an ineffective coughdincluding children over 12 years of age who have a CPF of <270 litres/min with vital capacity <60% predicted. Options for respiratory support of children with neuromuscular conditions during sedation or under anaesthesia include laryngeal mask airway, NIV delivered via nasal mask, manual ventilation using an anaesthetic bag attached to a nasal or face mask, or intubation. The choice of respiratory support for an individual patient undergoing anaesthesia depends on the preferences, experience and skills of the medical team involved. Malignant hyperthermia-like reactions and rhabdomyolysis are associated with the use of inhaled anaesthetics in children with many neuromuscular diseases including DMD, myotubular myopathy and myotonic dystrophy.
166e168 Cardiac arrhythmia is a well documented complication of anaesthesia in muscular dystrophy, particularly DMD. This may be precipitated by inhaled anaesthetic agents such as halothane and by succinylcholine. 169 Safe anaesthesia in children with NMW requires suitably trained and experience anaesthetists.
In the postoperative periods the following additional precautions should be noted:
Hypoxaemia can be caused by atelectasis, hypoventilation and retained airway secretions. Supplemental oxygen should be used with caution, as hypercapnia can be missed and may result in delay in treating the underlying cause. Airway clearance methods using assisted cough techniques with or without NIV are likely to be required. Fluid balance and cardiac monitoring are particularly important for patients such as those with DMD, who are at risk of congestive heart failure and dysrhythmias. Children with NMW are at increased risk of respiratory depression associated with opiate analgesics. Epidural catheter analgesia may be a safer and more effective method of gaining pain control. 170 Children with neuromuscular disease are prone to gut dysmotility. The use of pro-kinetics and gastric decompression with a fine-bore nasogastric tube can avoid the problem of gastric distension impinging on the diaphragm and causing respiratory embarrassment. Nutritional support may be necessary to avoid malnutrition and further weakening respiratory muscles.
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Evidence
There is no published evidence that preoperative assessment reduces postoperative complications.
Vital capacity as an indicator of respiratory morbidity
The evidence that vital capacity can predict risk of postoperative respiratory complications comes from four retrospective studies of a total of 173 children with NMW, mainly DMD, undergoing scoliosis surgery. 172e175 In all four studies the likelihood of remaining intubated and ventilated for more than 3 days after surgery was higher in children with lower preoperative vital capacity. In one study of 48 teenagers with DMD, all boys with a preoperative vital capacity of more than 50% predicted were extubated immediately after surgery without complications. 172 In another study of 125 children with scoliosis, 57 of whom had neuromuscular disease, a preoperative vital capacity of <60% predicted the need for prolonged ventilation (>3 days) with sensitivity of 77% and specificity of 56%. 174 A low vital capacity does not preclude good outcome from surgery. One descriptive study reports successful extubation immediately after scoliosis surgery in 14 consecutive subjects with DMD with preoperative vital capacity of <30% predicted. 176 In this study all 14 boys were admitted to hospital 6 weeks prior to surgery and underwent daily inspiratory muscle training, which appeared to result in a small increase in vital capacity: from 21.6%, range 16e27% on admission to 26.2%, range 22e31% on the day before surgery. Two retrospective studies 177 178 of a total of 75 children with DMD undergoing scoliosis surgery report no difference in duration of intubation (all <24 h) or total days in hospital after surgery in the 33 children who had preoperative vital capacity of <30% predicted compared with those with vital capacity >30%. Routine postoperative use of NIV was considered vital to facilitate successful early extubation. 178 Gill and colleagues 179 report successful outcomes for scoliosis surgery on eight children (mean age 12 years) with a variety of neuromuscular disorders, who had a mean preoperative vital capacity of 20% and all of whom were established on NIV for nocturnal hypoventilation. All patients were extubated direct to NIV without complication.
Predicting respiratory risk in children unable to do lung function
There is only one study which addresses preoperative assessment in children with NMW who are unable to perform lung function manoeuvres. 180 In this retrospective study 110 children (10.864.9 years), including 62 with neuromuscular disease, undergoing scoliosis surgery had preoperative PSGd73 children had daytime (nap) PSG and 39 had overnight PSG. None of the PSG parameters predicted risk of prolonged ventilation. Nap PSG does not usually include REM sleep, and so may underestimate hypoventilation and thereby miss parameters that may be useful in predicting postoperative risk.
Peak cough flow
The evidence for peak cough flow as a predictor of difficulty with extubation is based on adult studies and is considered in the section on identifying children at risk of respiratory complications.
Evidence 
SCOLIOSIS
The pathophysiology of scoliosis and its impact on lung function have been discussed in the section on respiratory complications of NMW. The clinical effect of scoliosis is not limited to changes in lung function. Scoliosis distorts the centre of gravity, and necessitates compensatory pelvic or neck distortion. This affects posture and consequently pressure areas, and in patients who are wheelchair bound, this can lead to difficulties with positioning and discomfort. Interventions in children with scoliosis include bracing and surgery. Traditionally braces have been made of rigid light plastic material and are usually fitted from the axillae to the iliac crests. More recently, non-rigid dynamic braces have been developed which appear to be more comfortable and better tolerated than rigid braces but no comparative studies of their effectiveness at improving posture or controlling spinal curvature are available. Vital capacity and tidal volume are reduced when wearing a brace as a result of restricted chest and abdominal expansion, and this must be taken into account when using a brace in a child with significant respiratory weakness, particularly if they have been asked to wear the brace when sleeping, when they will be most at risk of hypoventilation. Bracing may be useful in improving sitting posture. The benefits in terms of preventing progression of scoliosis are less certain. Wearing a brace can be uncomfortable and poorly tolerated, and not possible at all in some boys with DMD because of obesity.
Scoliosis surgery improves sitting comfort, appearance and QOL. It does not lead to an improvement in vital capacity, and whether it changes the rate of decline in respiratory function is uncertain. The optimal timing of scoliosis surgery in children with NMW is not clearly defined, and varies in different centres. The decision to operate is influenced by a number of factors which include curve progression, sitting comfort in wheelchairbound patients, mobility and pain. Early surgery with a flexible and relatively mild curves (Cobb angle of 45e608) and good lung function (vital capacity over 50% predicted) is less demanding to the patient and surgeon. Most conventional surgical techniques involve manipulating the spine into a favourable position and fixing it in that position. This stabilises the spine and prevents further progression of the curve but also arrests growth in the fused area. Posterior fusion performed in young children (under 10 years of age) may result in a torsional (crankshaft) deformity as the anterior portion of the spine continues to grow. Growing systems with expandable rods which lengthen as the spine grows and allow optimisation of growth potential are more recent developments which may be useful if scoliosis surgery is contemplated in very young children. These systems incorporate single or dual rod technology to correct spinal curvature. A desire to allow maximum growth means that surgery is often delayed until the child is at least 10 years of age. While 80% of thoracic height is achieved by 10 years of age, thoracic volume is only 50% of adult values, 181 and the impact of spinal fusion at this age on final thoracic volume is not known. Good surgical correction for Cobb angles of >608 is possible, provided that the spine retains some flexibility. If the spine has become rigid, spinal fixation can prevent any further progression of the scoliosis. Spinal surgery in children with NMW is associated with a greater morbidity, mortality and length of stay than in most other children with scoliosis. With appropriate planning and postoperative care, scoliosis surgery can be performed in children with vital capacity below 20% predicted, including children already using NIV prior to surgery, without excess respiratory morbidity (see section on planning for surgery).
Evidence
Effect of bracing on lung function
The evidence that wearing a brace reduces lung function comes from four observational studies of a total of 47 children with NMW and scoliosis, caused by a variety of diseases (predominantly DMD and SMA). Three studies showed a mean reduction in vital capacity of approximately 20% (range 4e37%) when wearing a spinal brace.
182e184 One study of eight children with severe SMA found that wearing a brace decreased tidal volume, increased respiratory rate and reduced respiratory system compliance. 185 
Effect of bracing on progression of scoliosis
The evidence for the effect of bracing on progression of scoliosis comes from four uncontrolled observational studies of children with DMD and SMA. 20 186e188 Evans and colleagues 187 report a retrospective series of 54 children with SMA types 1e3, 43 of whom developed scoliosis. Bracing failed to control progression of scoliosis in children with severe weakness (types 1 and 2) but appeared to control progression in give children with less severe 20 report a retrospective review of 283 boys with DMD and 10 with BMD over a 10-year period. Eighty-nine of 120 patents (75%) over 11 years of age developed a scoliosis, 43 of whom had Cobb angles of >308. The use of thoraco-lumbar braces did not appear to affect the progression of scoliosis and there was a positive correlation between increasingly severe scoliosis and the duration of brace use. The authors noted that compliance with brace wearing was poor. Seeger and colleagues 186 report that in 24 boys with DMD, scoliosis progressed from a mean value of approximately 108 for children under 12 years to a mean of 758 by the age of 16e18 years and noted that the scoliosis severity in boys using modular seats, spinal jackets (worn 7 h per day) and custom-moulded seats were not significantly different from those observed using unmodified wheelchair seats. Colbert and Craig (1987) 189 report a prospective study of 22 boys with DMD, 7 who wore a brace (for 7 h/day, 6 days/week) and 15 who did not (either refused or stopped wearing the brace within 3 months). Over an observation period ranging from 2 to 7 years, the wearers showed a slightly slower rate of scoliosis progression, but with no difference in final severity.
Evidence statements Wearing a rigid spinal bracing causes a reduction in both tidal ventilation and vital capacity in children with neuromuscular disease (evidence level 3). In boys with DMD, bracing may slow the progression of scoliosis, but does not affect final scoliosis severity (evidence level 3).
Effect of scoliosis surgery on lung function
The evidence of the effect of scoliosis on vital capacity is based on 13 studies of a total of 481 children with NMW, almost all with DMD or SMA. Three studies 190e192 compared the rate of decline of vital capacity before and after surgery in the same individuals; five studies 172 193e196 compared the rate of decline to a non-operated group comprised either of children who did not yet need surgery, children in whom surgery was considered too high risk, or children who refused surgery; and five studies 26 179 197e199 compared a single preoperative mean vital capacity to one taken 2 or more years after surgery. Eight of the studies 26 172 179 190 192 194 198 199 indicate that the rate of decline of vital capacity was reduced after surgery, or that vital capacity was maintained close to preoperative levels. Five studies 191 193 195e197 found that the rate of decline of lung function was unaffected by surgery or was the same as that in a control group.
All the studies are retrospective. When there are control groups they are not matched. Without comparison to an appropriate control group it is hard to interpret changes in rate of decline of vital capacity, which are nonlinear and may plateau in late teenage years.
Recommendation < The effect of wearing a spinal brace on respiratory function should be assessed and weighed against the limited evidence of benefit in terms of affecting final scoliosis severity.
[D] Good practice point < The primary consideration when planning surgery for children with scoliosis associated with NMW should be comfort and QOL.
OTHER PROBLEMS AND INTERVENTIONS THAT IMPACT ON RESPIRATORY HEALTH Excessive oral secretions
Drooling (sialorrhoea) can be problematic in children with inefficient tongue control or significant bulbar dysfunction. Dental malocclusion, poor oral health and nasal obstruction from enlarged adenoids can also lead to difficulties coping with oral secretions. Simple measures such as postural adjustment may help to alleviate the problem. Salivary secretion is controlled by the autonomic nervous system and as a consequence, anticholinergic medications have been used to regulate production of saliva. Saliva is important in the preparation of food boluses for swallowing, and medication should be used with caution; swallowing problems can be exacerbated if the mouth is dry or oral secretions become more viscous. Glycopyrrolate is frequently used, but dosage needs to be balanced by any side effects, commonly constipation. Hyoscine patches, with their gradual transdermal absorption, are an alternative to oral medication, although there can be variable results in children, in view of the difficulties with dosage titration and incidence of allergic skin reaction. The use of botulinum toxin as an injection into the salivary glands has become an option for children with nonprogressive neurological disorders such as cerebral palsy, where excessive sialorrhoea is particularly problematic and not well controlled by oral medications. The use of botulinum toxin has not been reported in children with neuromuscular conditions.
Feeding and swallowing difficulties
Difficulty with chewing and swallowing food are common in children with NMW, reflecting weakness of muscles in the cheeks, lips, tongue and pharynx, and frequently contribute to undernutrition. Problems with feeding and swallowing may be present from early life, for example, in children with severe forms of SMA, or may appear much later in the disease course, such as in boys with DMD. Although oral and pharyngeal weakness can increase the risk of aspiration lung disease, aspiration is a relatively rare event and an uncommon cause of respiratory exacerbation (see section on studies to identify aspiration lung disease).
Gastro-oesophageal reflux
Gastro-oesophageal reflux is common in children with neuromuscular disorders, particularly in non-mobile children. Antacids, histamine H2-receptor antagonist, proton pump inhibitors and pro-kinetic agents may relieve symptoms, although there is concern that prolonged use of gastric acid suppression may be associated with an increased risk of gastroenteritis and community-acquired pneumonia. 80 Antireflux surgery may be beneficial for gastro-oesophageal reflux disease refractory to medical management. In some cases, gastro-oesophageal reflux may be exacerbated by a gastrostomy procedure, 200 although studies of children with neurological impairment suggest differently. 201 202 Children with severe bulbar dysfunction and muscular weakness, such as those with SMA type 1, have been considered to be poor candidates for an anti-reflux procedure because of the high perioperative risk and overall poor prognosis 203 ; centres advocating for a fundoplication procedure and gastrostomy insertion undertaken together shortly after diagnosis, in conjunction with a rigorous postextubation and airway clearance strategy, have reported that this can be accomplished safely in these children. 200 
Gastrostomy feeding
Feeding via gastrostomy tube placement has become increasingly important in maintaining the nutritional status of children 
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or via open or laparoscopic surgical techniques. In some adult neuromuscular patients with little or no autonomous breathing ability, gastrostomies have been performed avoiding intubation and general anaesthesia. 204 Percutaneous image-guided gastrostomy and gastro-jejunostomy tube insertion under local anaesthetic and sedation have also been described in children with type 1 SMA. 205 The timing of gastrostomy insertion varies between different centres, with some centres preferring the proactive approach, and others feeling that risks of surgery, however small, should be avoided in asymptomatic individuals. 80 In infants with very severe weakness and limited life expectancy such as the severest form of SMA type 1, careful consideration of the benefits of invasive procedures resulting in the medicalisation of tasks such as feeding, need to be balanced against the quality of the remaining months of life. Aside from the anaesthetic risk associated with poor lung function and ineffective airway clearance, perhaps coupled with the positional problems caused by scoliosis, gastrostomy insertion is associated with several complications, most often confined to the local gastrostomy site, including infection, bleeding, granuloma formation, and dislodged gastrostomy tubes.
Respiratory tract infection
Respiratory tract infections in children with neuromuscular disorders can significantly reduce respiratory muscle strength, resulting in symptoms of shortness of breath, reduction in vital capacity and acute hypercapnia. Respiratory syncytial virus (RSV) infection predominates in young children, while rhinovirus, influenza and parainfluenza virus infections are common in older children and adults. Although it is unclear how infection results in reduced muscle strength, acute viral infection can be associated with direct muscle injury and sepsis-induced respiratory muscle dysfunction can be mediated by oxygen-derived free radicals. Abnormalities in neuromuscular transmission have also been demonstrated during acute phase of viral illness. The risk of serious pulmonary complications resulting from RSV infection led the American Academy of Pediatrics to recognise neuromuscular disease in its revised guidelines for RSV immunoprophylaxis. Multicentre prospective data collection of children receiving RSV prophylaxis identified that 1.8% of children with central nervous system or neuromuscular disorders required hospitalisation for an RSV illness compared with 1% of the remaining children considered at high risk. 206 Clinical management plans for children with NMW often include early or prophylactic use of antibiotics for respiratory exacerbations, although there are no studies which show that this approach is beneficial.
Evidence
Use of medications to control oral secretions
There is no evidence for the use of anticholinergic medication to control oral secretions in children with NMW.
Feeding and swallowing difficulties
Evidence for feeding and swallowing difficulties occurring in children with NMW has been drawn from one caseecontrol study in children with DMD 207 and six observational studies in children, two of which involved analysis of questionnaires 208 209 and four studies which reported findings of clinical assessment, videofluoroscopy and pH studies in patients with a variety of neuromuscular conditions. 81e84 Jaffe and colleagues 207 compared responses to a questionnaire on symptoms of upper gastrointestinal dysfunction of 55 children with DMD from a regional neuromuscular clinic, aged matched to 55 healthy controls. Symptoms of dysphagia were significantly more common in children with DMD than in controls. Willig and colleagues 209 received 409 responses to a questionnaire on alimentation problems experienced by seven groups of patients with neuromuscular conditions. A total of 36.5% of patients with SMA reported at least one problem with swallowing, predominantly within the buccal phase, whereas 53% of respondents in the DMD group (18.765.7 years) reported problems with mastication. In a population of 118 patients with DMD divided into age cohorts, correlated with levels of motor difficulty and use of ventilatory support, Pane and colleagues 208 reported difficulties with mouth opening, chewing difficulties and choking (21/118), with 31 patients modifying their diet accordingly. Eight per cent of patients underwent gastrostomy insertion at a mean age of 23.6 years, all within 1 year of tracheotomy and all still regularly having food by mouth. Poor weight gain became an increasing problem in adolescence and adulthood. Although choking was one of the most feared, it occurred relatively infrequently, and was most prominent in the ventilated group. A retrospective case note review 83 of 19 children with nemaline myopathy (18 ambulant) found 17 children had a history of feeding difficulties. Seven out of 10 children had abnormalities on videofluoroscopy. Significant residue was noted throughout the pharynx in all cases, increasing the risk of late aspiration. Eleven out of 19 (61%) children had recurrent respiratory infections in the first 3 years of life. An observational study 81 reported abnormal feeding assessment findings, confirmed by videofluoroscopy, in 13 of 14 children, aged 2e14 years with congenital muscular dystrophy. Two studies 82 84 described feeding problems in patients with DMD, where videofluoroscopy demonstrated food residue in the pharynx and around the laryngeal inlet. Although a Cochrane review failed to determine the benefit of dietary or feeding advice, 210 in clinical practice, it seems sensible to continue to adopt strategies where the patients derive benefit.
Evidence statements Feeding and swallowing difficulties are common in children with neuromuscular disease and are frequently under-recognised (evidence level 2e). Oral and pharyngeal dysfunction increases with advancing age in boys with DMD (evidence level 3).
Good practice points < Videofluoroscopy and feeding advice from a specialist therapist is indicated in children with a history of recurrent chest infection or swallowing difficulties.
[O] < A problem-orientated approach to nutrition should aim to minimise risk of aspiration, optimise nutritional status, promote comfort, and balance the positive social consequences of continued oral feeding. [O] Diagnosis and treatment of gastro-oesophageal reflux
One caseecontrol study 207 and two observation studies 81 208 describe findings of gastro-oesophageal reflux in children with DMD and congenital muscular dystrophy. In the caseecontrol study, 207 DMD patients were significantly more likely to complain of dysphagia, choking while eating, heartburn and vomiting during or after meals than age-matched normal control children. In a comparison between ambulatory (n¼22) and nonambulatory subjects (n¼33) with DMD, only heartburn was found to be significantly more prevalent in the non-ambulatory group (p<0.02). Although the majority of 118 DMD patients in the study by Pane and colleagues 208 complained of occasional episodes of heartburn, gastro-oesophageal reflux requiring pharmacological treatment was only reported in five patients 81 describe clinical evaluation and videofluoroscopy in 14 children with merosin-deficient congenital muscular dystrophy. Only the youngest child, aged 2 years, had a normal study. Oesophageal pH studies were performed in 11 of 14 children who gave a history of chest infections, choking, vomiting or abdominal pain. In the eight children who tolerated the procedure, oesophageal reflux was demonstrated in six. These six children, all with a history of recurrent chest infection, also had abnormal videofluoroscopy with food penetrating the laryngeal inlet. No cough reflex was triggered in three children, indicating a risk of silent aspiration. Frequency of chest infections decreased after treatment. Laparoscopic fundoplication during gastrostomy placement is described in two studies of children with type 1 and severe type 2 SMA. 200 211 A total of 17 children, 14 of whom had clinical evidence of gastro-oesophageal reflux, underwent a combined procedure, with extubation immediately in the postoperative period to NIV and aggressive airway clearance methods. Mean weight for length percentiles doubled in one of the studies 200 and the number of respiratory-related hospitalisations decreased in both studies over the subsequent 12 months, though small numbers in both studies meant that statistical significance was not reached.
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Evidence statements Gastro-oesophageal reflux is common in children with neuromuscular disease and may contribute to aspiration lung disease (evidence level 2e). Laparoscopic fundoplication during gastrostomy placement in children with type 1 and severe type 2 SMA can be undertaken safely and is effective in reducing gastro-oesophageal reflux. It may diminish respiratory-related hospital admissions (evidence level 3).
Gastrostomy feeding
Six observational studies describe gastrostomy insertion in patients with a range of neuromuscular conditions. Two retrospective case note reviews 212 213 identified a total of 45 patients with a range of neuromuscular conditions in whom feeding via gastrostomy improved the weight for age ratio during the 1-year follow-up period. In one of the studies, the number of documented chest infections diminished after gastrostomy insertion. 212 In the other study, local complications at the gastrostomy site were reported in 6 of 12 patients, all of which resolved swiftly. Three of five patients who had presented with previous gastro-oesophageal reflux had persistent problems post procedure, and despite medication, all developed at least one episode of pneumonia. 212 Martigne and colleagues 214 described an increase in the body weight for age ratio in 25 patients with DMD aged 11e38 years. Nutritional recovery was considered slow or incomplete as only 9 of 25 patients attained or exceeded their median value for weight/age ratio 1 year post gastrostomy placement. The complication rate in this study was also high (84%) with 11 of 21 patients suffering complications within the first month, comprising a pneumo-peritoneum (3), abdominal parietal abscess (2), pneumonia due to presumed food aspiration (1) and local infection, general abdominal pain, nausea and vomiting. Fourteen patients subsequently had complications after the first month resulting in problems around the stoma (10), tube migration (2), and accidental extrusion (1). Ten patients had pneumonia after gastrostomy placement but due to the retrospective nature of the study, it was difficult to ascertain whether the episodes were due to aspiration. Durkin and colleagues 200 describe the course of laparoscopic fundoplication and gastrostomy in 12 infants with SMA type 1, in whom postoperative respiratory management and discharge criteria were standardised. All patients were extubated immediately postoperatively, with no significant complications. The average time to full feeding and length of hospital stay were 4264.9 h and 78622.5 h respectively. Mean weight for length percentile was doubled at a year postoperatively (p¼0.03). Sy and colleagues 205 identified 12 children with SMA type 1 who had percutaneous gastrostomy or gastrojejunostomy insertion at a median age of 6.1 months (range 2.2e15.8 months); four children tolerating the procedure under local anaesthetic, and six children with sedation. General anaesthetic was required for two children, both of whom were already intubated. Seven of 12 children had no major complications in the first 30 days, although the tube was changed to a gastrojejunostomy tube because of gastro-oesophageal reflux disease in two children. The 30-day mortality rate was 16.7%. Aspiration pneumonia occurred in 5 of 12 children (41.6%) within 30 days of their procedure, although four children had a history of pneumonia prior to tube placement. Bach and colleagues 204 describe the procedure of open gastrostomy for ventilator-assisted or supported patients avoiding tracheostomy, intubation or general anaesthesia. The procedure was performed in 62 adult NIV users, with amyotrophic lateral sclerosis (n¼44), muscular dystrophy (n¼10) and other conditions (n¼8), using local anaesthetic and intravenous sedation. There were no complications and all patients subsequently gained weight. Mean post-gastrostomy survival was 38.8 months (66.2 months).
Evidence statement Gastrostomy feeding can improve and maintain adequate nutrition in children with NMW (evidence level 3).
Respiratory tract infection
The negative impact of respiratory infection in patients with neuromuscular disease is demonstrated by one prospective study of a mixed population of 25 adults and children aged between 7 and 40 years (mean age 20 years) with varying neuromuscular conditions, but stable respiratory status. 70 Follow-up was continued for a month following complete resolution of symptoms of the respiratory tract infection. Significant reductions of up to 50% were noted in vital capacity and maximal inspiratory and expiratory pressures (mean reductions 50.1%, 51.5% and 26.8% respectively) in the 10 subjects who developed respiratory tract infections. Respiratory parameters remained reduced in two patients and significant episodes of hypercapnia continued in four patients, post infection. There is evidence that severe RSV infection in infants with neuromuscular disorders leads to considerable morbidity and higher mortality. A prospective cohort study 215 covering six consecutive seasons evaluated whether children hospitalised with RSV infection with a clinically relevant NMW were at risk of complications. In total, 1568 RSV infections were prospectively documented in 1541 children. Forty-one of 73 (56%) children with NMW had at least one additional risk factor for a severe course of the infection. Median age at the time of severe RSV infection was higher in children with NMW (14 months vs 5 months) and a higher proportion of children in the NMW group had to be mechanically ventilated (9.6% vs 1.9%). The attributable mortality was also significantly higher in the NMW group (5.5% vs 0.2%; p<0.001 for all). A cohort study over an 8-year period using intensive care unit admission as a marker of severity of RSV infection found that a considerable proportion of children had serious underlying conditions. 216 Of the 4.4% deaths directly related to RSV infection, all had pre-existing conditions, 15% with neuromuscular disease. Although annual influenza vaccination is frequently advocated for high-risk groups, the evidence for efficacy in these groups is sparse. One prospective study 217 has investigated whether children with neurological or neuromuscular disease had an increased risk of respiratory failure if hospitalised with viral influenza. This study of communityacquired and laboratory-confirmed influenza, conducted over four seasons, showed that children with neurological (n¼81) or neuromuscular impairment (n¼8) were, on average, six times more likely to develop respiratory failure requiring ventilation, although removing the children with a diagnosis of 'recurrent febrile seizures' reduced the OR to just 1.5.
TRANSITION TO ADULT CARE
'Transitions occur throughout life and are faced by all young people as they progress from childhood through puberty and adolescence to adulthood, from immaturity to maturity and from dependence to independence' (Department of Health, 'Transition: Moving on well', http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_083592, March 2008). Transition relates to a change towards adult status in relation to the law, education, health and social services, and with respect to friends, employment and social status within the wider community. Transition to adulthood for young people with muscle disease involves navigating a vast range of subjects, services and professionals at a time of life which is already vulnerable for most, whether living with a disability or not. Whereas for most young people, transition is a process during which independence is gained through greater choice and increased autonomy, for a young person with a progressive muscular condition, it can be a period when skills are lost and dependence on others increases, such as loss of independent mobility or establishment of ventilator support.
Young people with disabilities and their families often find the transition to adulthood stressful and difficult. Policy initiatives around transition have received much attention in view of the current poor coordination of public services between child and adult care. 218 The transition from children's to adult services for those with a neuromuscular condition has been identified as a time when it is crucial that families have access to support, information and planning. A UK survey of service provision for adults with chronic neuromuscular disorders 219 highlights a number of areas of concern, not limited to the process of transition, but also with the availability of appropriate specialist adult services in some areas of the UK.
With increasing survival of children with conditions such as DMD well into adult years and the impact of technologies such as home mechanical ventilation, there is a growing need to bridge the divide between child and adult-orientated specialist services. As an example, the teenager with DMD is more likely to require increased respiratory monitoring and support during this period, making it essential that there are adult respiratory teams available with appropriate expertise to care for him. Although access to specialist clinical services (not specifically for neuromuscular disease), is generally good, funding for respiratory support is variable and joint paediatric/adult or adolescent clinics are sparse. 219 The multidisciplinary setting of many community paediatric units is ideal to coordinate care, equipment and services in home and school settings alongside the expert advice from specialist centres. In many areas of the UK this coordination becomes fragmented as families have to negotiate appointments with a number of different adult specialists and different agencies and at a time when the financial and social burden of care escalates. The role of the family in facilitating transition also appears crucial. 218 Conversely, those young people without strong parent advocates may receive a lower standard of support during the transition process, 220 thereby limiting medical care, social, financial and further educational opportunities. A key-worker can play a vital role in ensuring transitional needs are driven by the young person, alongside parents. 218 220 What problems can be expected?
Muscle weakness will progress in some conditions, resulting in increased ventilator dependency and there may be worsening cardiomyopathy, for example, in young men with DMD. With increasing survival, disease processes that are common in the general population (such as diabetes mellitus and deep vein thrombosis), can arise, and present particular challenges for young adults with NMW. 221 Some complications are disease specific, such as autonomic dysfunction that can occur in older patients with SMA. Care plans must accommodate disease progression and increasing ventilator dependence, and teams should be aware of new additional health problems that are not always amenable to the usual treatment methods, such as those that require surgical intervention under general anaesthesia.
With advances in respiratory management, prolonged survival can start to impact upon the adolescents' perception of QOL, particularly in the psychosocial domains, such as interpersonal relationships. 221 222 Transition is a time when school, with its daily structure, activities and the companionship that it provides, also comes to an end. The burden of care upon families and society increases, as complex packages of care require funding and implementing, combined with the need for occupational, social and leisure activities.
Transition is also a time for serious decision-making around the risks and benefits of potential therapies with the adolescent actively involved in the process. Paediatricians need to be aware when discussing the future and possible treatment options with children and their parents that some literature on the prognostic implications of treatments is based on studies that were conducted at a time when survival was not expected or when prolonged follow-up of participants was not envisaged. 221 
Different models of transition
Several models of transition exist, although the most predominant and well established is that of 'condition-specific' transition, when paediatric providers work directly with adult providers to ensure prioritisation of the management of specific conditions. Joint working, education and research between adult and paediatric services are essential. The generic adolescent model in which clinics are coordinated by an adolescent specialist has many merits, with the recognition that young people prefer same-age groupings 218 ; the disadvantage of this model is the requirement of a further intermediary team with whom the young person and carers need to develop a relationship. For relatively uncommon conditions, such as neuromuscular disorders, there is still likely to be a requirement for liaison with individual specialist services for many areas of the UK, as tertiary specialist care may be geographically remote. Some regions have developed an innovative care network to overcome some of the difficulties of widely dispersed populations, providing support to local teams. 219 It has been suggested that there is a growing trend to reintroduce the general practitioner (GP) as the coordinator during the transition process. By providing a general overview and with local knowledge of services, the GP is able to refer back to adult specialist services as necessary. This primary transition model has met with opposition in view of the current divide between primary and specialist care and yet it is only the GP who provides lifelong continuity in healthcare, often beyond a generation. 220 Whichever process is followed, a number of principles underpin success. Recurring themes are describeddinformation, communication, planning and coordination. 218 223 A project highlighting the views of young people with a neuromuscular condition about the transition process voiced similar opinions (Muscular Dystrophy Campaign publication. 'Becoming an adult: transition for young men with DMD', www.musculardystrophy.org, April 2010) and reported that young people:
felt that care should be consistent and responsive to individual need, welcoming the concept of a health portfolio to encourage effective information sharing between different agencies; wished to be supported in directing their individual care needs and to have access to a wide range of information; felt that the process should occur gradually over a number of years with a timetable of transition outlined; thought that peer support programmes were helpful in coping with uncertainties of adolescence; preferred informal care strategies that are tailored to individual need. The process of transition from paediatric to adult services for young people with neuromuscular conditions in the UK is not ideal and further studies are required to evaluate which combination of components works best. The variation in population density across the UK and the variability in local services mean that it is not likely that one transition model will fit all; nevertheless, a national approach to minimum standards of care would help to reduce the current inequalities that exist.
Evidence
Additional health problems occurring in young adults with NMW are illustrated in three observational studies. Birnkrant 221 reports that of 19 young men with DMD, 18 received assisted ventilation (16 NIV) of whom 12 received 24 h ventilatory support; 15 had undergone gastrostomy placement for poor nutrition and/or difficulties swallowing; 6 had nephrolithiasis; 2 had developed diabetes mellitus; 2 had a deep venous thrombosis; and 1 each had gallstones and inflammatory bowel disease. A survey of 65 Danish adults with DMD aged 18e42 years 222 describes daily life positively, although the majority yearn for a loving relationship and few have the opportunity to undertake further educational or vocational opportunities. Pain is common, occurring in 40% of subjects on a daily basis, coupled with frequent fatigue. This evidence concurs with results from a study of 42 youths with neuromuscular disease 224 in which 23 (55%) were identified as having chronic pain, mainly in the legs and with 83% using pain medication.
Only one observational study specifically evaluated the current practices of transition for young people with neuromuscular disorders, from a district in the UK, comparing experiences with the current Department of Health guidelines. 225 Responses to questionnaires were obtained from 21 young adults and 17 carers (54% response rate). Two focus groups were held to obtain views, with a number of key themes emerging. Young people expressed the need for information resources and access to information on adult services, with identification of a key worker. They expressed a preference for transition to occur at aged 18 years, but that the current transition practice was too abrupt and should be a more gradual process.
Experience has shown that for practical reasons, transition at 18 years poses difficulties, as children's wards and paediatric intensive care units do not usually accept those over 16 years.
Therefore if an acute inpatient stay is required before transition commences, admission to an adult ward can result in a precipitous and unsatisfactory handover of care to adult teams. A survey of 32 neuromuscular clinics across 25 cities in the UK 219 highlighted the variability in practice and availability of resources and services. Responses were received from 30 clinicians based in 24 locations, with the majority of clinics based in large regional centres. Only 11 clinics (42%) requiring transfer of services to adult care had a service in place to do so, excluding clinics where the same team saw adults and children. A total of 32% of neuromuscular disease clinics did not routinely monitor respiratory function and 10% did not routinely perform ECG, suggesting variable pathways for referral. Domiciliary support was fully funded in 43% and on an individual basis in 50%. There was inconsistent access to therapy and nursing services and long waits for wheelchair provision. Many clinicians had a poor awareness of local services.
Evidence statements For young people with a neuromuscular disorder, particularly DMD, the teenage years are a period when their condition can change considerably, and new health problems may emerge, thereby increasing the importance of a smooth handover from child-orientated to adult specialist services (evidence level 3). There is considerable variability across the UK in current practice and availability of resources and services for people with neuromuscular disease (evidence level 3). Young people with neuromuscular disease feel that components of a successful transition revolve around information, communication and planning over a number of years (evidence level 3).
Good practice point < A key worker can act as a valuable advocate, a source of knowledge and provide support for young people with neuromuscular disease and their families during the period of transition from paediatric to adult services.
QOL AND PALLIATIVE CARE
Increased survival of children with NMW has led to unanticipated medical, psychosocial and ethical issues. Advancement in medical technologies supporting longer-term care has outstripped the available research and information into these new issues, which have a profound effect on patients, their families and society. Improving and maintaining the QOL of children and young people is the main goal of paediatric palliative care. There is a common misconception that palliative care can only be delivered in the final stages of an illness, towards, and at the end of life. Palliative care can be delivered at any point in the disease trajectory of a child or young person with a life-shortening neuromuscular disorder. Many aspects of palliative care support can be offered in parallel with active treatment, even if full escalation of intervention to intensive care is planned.
Quality of life
Despite the widespread use of QOL as a term based upon a theoretical concept, no agreed and precise definition exists. In healthcare research, QOL includes a range of components ('domains') that are measurable and related to health, disease, illness and medical interventions. Most healthcare providers agree that health-related quality of life (HRQOL) a subdomain of QOL, is a multidimensional concept related to the physical aspect of a condition, emotional state and the ability to interact with others and have fulfilment and meaning. The plethora of instruments to measure HRQOL, sometimes with extensive questioning within different domains, is a challenge for the user and the reader of scientific reports.
Instruments may be generic or disease specific. Historically, many research instruments used to measure HRQOL considered effects on physical, psychological and social functioning, and measured functional ability rather than participation in day-today life and subjective life satisfaction. As physical impairment impacts on everyday activities, low HRQOL is an expected outcome of such tools and may be inadequate and misleading. Assessing QOL in children is also a challenge; self-report is the gold standard for HRQOL, particularly as there are inconsistencies in level of agreement between parents or carers and the child. Instruments should be age specific and if at all possible based on self-report.
Evidence
The Paediatric Quality of Life Inventory (PedsQL) tool has established reliability and validity within the wider paediatric population, although it is a generic research tool. This QOL tool contains both age-related and parental report. Iannaccone and Hynan 226 have validated the PedsQL for children with SMA and Bray and colleagues 227 have used the PedsQL (generic scale) in boys with DMD. Further data 228 support the feasibility, reliability and validity of the tool in children with SMA. These studies demonstrate poor to moderate agreement between child and parent responses, suggesting information provided by proxy respondents is not equivalent to that reported by the affected child.
There is now significant evidence 229e233 that physicians often underestimate quality of life compared with patients and parents or carers. Studies show that parental decision-making regarding treatment is directly related to perception of QOL. 234 235 Understanding HRQOL from the perspective of the patient is essential to facilitate shared decision-making with healthcare professionals and parents or carers.
In spite of the prevalent perception that patients with severe physical impairment or chronic disease experience lower QOL than non-disabled persons, recent studies targeting selfperception have shown that QOL in patients with a progressive neuromuscular condition is not correlated with physical impairment or the need for NIV. 
Several studies 233 246e248 demonstrate significant worldwide variation in attitudes and practice of physicians regarding respiratory management of patients with SMA type 1. Withholding and withdrawing life-sustaining ventilator assistance in this condition is accepted as standard medical practice by many physicians. Others advocate full long-term ventilatory support.
Some studies 248 249 have shown a paternalistic approach to 'rationing' the use of ventilatory support, particularly in DMD, with concern that such support may 'prolong dying' and 'extend suffering' and poor QOL. More encouraging results 250e252 have shown physicians offering choice regarding ventilatory support; however this is often reported as being during an episode of respiratory failure. Yates and colleagues 253 reviewed data for 28 children with neuromuscular disease admitted to the intensive care units over 15 years and found that 66% of admissions (47/69) were unplanned; 11 of the 28 children admitted as an emergency for respiratory failure required ventilatory support after discharge from the intensive care unit and 6 of these continued on home support. One study of 13 infants with SMA type 1 describes the use of NIV and MI-E to support clearly defined, goal-orientated care. 96 This approach facilitated extubation and home discharge with positive feedback from parents. Parents and carers have reported that they should be given the choice to decide for or against home mechanical ventilation. Stressors were related to poor support in the context of financial and practical assistance. 235 
Evidence statement
Respiratory failure is usually predictable. Paternalistic medical advice can result in either uninformed implementation or withholding of ventilatory treatments. Lack of informed choice and equity of service prevents planning and limits decision-making (evidence level 3). Recommendation < Assisting patients, parents and carers to make informed choices that are consistent with their own values and preferences requires physicians to engage patients and their parents and carers in a process of mutual participation in decision-making with full disclosure of all information in a sensitive and timely fashion.
[D] Good practice point < Open discussion across the multidisciplinary team regarding the type and duration of specific interventions encourages transparency and shared decision-making.
Psychological and mental health issues
There is a need for increased mental health support for children and young people with neuromuscular disease and their carers. There are reports of increased maladaptive coping strategies, behavioural problems and mental health issues within this population and their parents or carers.
Evidence
The acknowledgement of stress factors and need for wider support is borne out in studies that have surveyed families of 234 254e257 Mental health and behavioural issues are perceived to be important, particularly as boys grow older. Parents show increased levels of anxiety and depression and self-reported poor psychological adjustment, particularly single parents and those with older sons. Carers of boys with DMD using home ventilation rated sleep quality as poor and reported associated negative emotional symptoms and illness burden on family health and relationships. 245 The functional level of the child is directly related to maternal stress and QOL. 258 Parents report a sense of loss each time they see physical signs of deterioration. 235 A small study by Hodges and Dibb 259 regarding the use of DMD self-help support groups uncovered a wide range of social comparisons and coping dimensions with positive and negative effects.
Evidence statement Living with a neuromuscular condition increases mental health issues and stress factors in affected children and parents or carers, although both groups exhibit considerable adaptive ability (evidence level 2e). Symptom management and end-of-life care
Children and young people with neuromuscular disorders live with a significant burden of physical symptoms. Prolonged survival is associated with increasing morbidity of respiratory and non-respiratory health-related issues. Dyspnoea, particularly, is an under-recognised and under-reported symptom with a neglected evidence base. Dyspnoea is a subjective feeling, which can respond to treatment directed at the cause. Low-dose opioids may be used to manage distressing dyspnoea even when active treatment is pursued. One-third of the standard analgesic opioid prescription is a safe and appropriate dose to start. With slow titration of opioids, respiratory depression is unlikely. Fentanyl is generally not recommended as it can increase muscle tension and so possibly exacerbate dyspnoea. 260 In the terminal phase of respiratory failure, frequent reassessment of symptoms allows effective management with a combination of non-drug measures and careful titration of opioids and psychotropic agents.
The paucity of information regarding end-of-life care in children with NMW is striking. There is emerging expertise among paediatric palliative care healthcare professionals regarding the symptom management of children and young people with NMW. Unfortunately this is not reflected in the available literature. Terminal respiratory failure is often the mode of death in children with NMW. Retention of carbon dioxide can result in physiological sedation. Overzealous administration of oxygen should be avoided, as this may result in prolonging the period of hypoxic agitation. Non-drug management of dyspnoea includes managing secretions, use of a fan or open window, massage and visualisation for anxiety, and appropriate positioning of the child. Medical management involves the careful use of opioids and psychotropic medication, including benzodiazepines for agitation. Towards the end of life, families may want to remove NIV equipment from the child's face. This requires sensitive discussion and careful timing and prompt symptom management.
General symptom management
Studies report a significant prevalence of ongoing medical complications as a consequence of chronic illness in children with NMW. 221 242 A national survey of hospice provision for those with NMW showed a significant number of boys with DMD required some form of medical intervention and symptom management during routine respite stays. 261 
Dyspnoea
Breathlessness is a distressing symptom that can arise with inter-current infection or aspiration, in conjunction with cardiac failure, with progressive neuromuscular deterioration, and in the final stages of disease. As discussed previously, symptoms of respiratory distress in infants with SMA type 1 can be effectively palliated with NIV. The importance of effective secretion clearance and feeding management is emphasised in this report. 96 
Pain
There is a significant correlation between increased pain and fatigue and lower levels of general health, vitality and social function. Chronic pain has been investigated by a number of studies 224 239 262 263 and was found to be common in neuromuscular conditions. Poor pain management is known to be negatively correlated with QOL and impacts on many aspects of care, including respiratory care.
End-of-life care
Little is known about place of care during the final illness. Of 531 children with neuromuscular disease known to UK hospices, only 7 out of 47 deaths had occurred in the hospices themselves over the previous year. 261 However, 85% of families (of those 47 deaths) accessed bereavement services and some used the 'cold room' facility, neither of which is available on the NHS. Over a 15-year period, 10 out of 28 children with known neuromuscular disease and a previous admission to paediatric intensive care units had died, with only four deaths actually occurring in the intensive care unit. 253 Evidence statement Pain symptoms are under-recognised and under-reported in neuromuscular disorders (evidence level 3).
Recommendations Advance care planning
Assisting patients, parents and carers to make informed choices requires the multidisciplinary team to engage patients and their parents or carers in a process of mutual decision-making. Timing discussions of this nature can be difficult. Often a series of discussions with a variety of key healthcare professionals, support groups and peers with the condition or parents with a child with the same condition will help to consolidate the shared decision-making process. Promoting choice, through continued assessment of need, improving the quality and range of information offered and open discussion at key points in the disease trajectory, supports this process. Empowering young people to make decisions regarding their future care wherever possible, and protecting those who lack the capacity to do so, must form the basis for the decision-making process in the older age groups. 264 265 Advance care planning is a voluntary process of discussion and review to help anticipate how an individual's condition may affect them in the future. If a patient or their parent/guardian wish, advance care planning records choices about care, treatment, and/or an advance decision to refuse treatment in specific circumstances. An advanced care plan is neither a legal document nor a 'do not resuscitate' order. An advanced care plan is likely to change in parallel with the disease progression. In paediatric practice, an advance care plan often incorporates wishes for emergency care (sometimes referred to as an 'Emergency healthcare plan') and ensures written information regarding future clinical management is discussed and documented and available should an emergency arise. Perpetual offers of intervention on a background of continual demise may preclude the opportunity for the patient and their parents or carers to plan end-of-life care and a dignified, symptom-free death.
Evidence
Chatwin and colleagues 96 describe using advance care plans in a series of infants with SMA type 1 to assist in anticipatory decision-making regarding escalation in ventilatory support. Erby and colleagues 257 report that none of the 18 parents of boys with DMD (aged over 7 years) interviewed acknowledged having explicit conversations about advance care plans within their families or with their sons or physicians. Parents did not have a working knowledge of the concept of advance care planning and attributed the process to 'do not resuscitate' orders.
Wiener and colleagues 266 discussed advance care plans with a group of 20 adolescents with life-shortening illness and found that 95% thought the document would be 'helpful' or 'very helpful' to themselves or others. No patients found talking about the issue stressful but were more interested in discussing how they wanted to be remembered rather than medical decision-making.
Unplanned admission to intensive care units may be a trigger point for discussion; Yates and colleagues 253 found that 36% (10 out of 28) children with neuromuscular disease had died following admission to intensive care units and 70% were in the severe functional group. Two case series 252 267 report on positive experiences of children and young adults with DMD in the formulation of life plans, regardless of the decision made about long-term ventilator assistance. A case study of a boy with DMD by Penner and colleagues 268 describes the ethics of disclosure and emotionally charged challenges surrounding advance care plans.
Evidence statement Advance care plans and similar approaches may be useful for children and young adults with a progressive neuromuscular condition in helping to anticipate need and prevent crisis management and last minute decision-making (evidence level 3).
Recommendations < Advance care planning should be an integral part of the active management of children and young people with neuromus- 
Older studies 269 270 suggest that the palliative care model has much to offer individuals with progressive neuromuscular conditions and their families. Children and young people with neuromuscular disease, especially those with DMD, form a large proportion of the cases cared for by the children's hospices in the UK. 261 Most support is multidimensional. Planned stays allow access to peer support and social activities that are often curtailed or restricted in the wider community as a consequence of disability. Referrals peak for DMD in adolescence at a time when those with DMD are losing ambulation and when patients often have greater physical and emotional needs. 
SPECIAL CONSIDERATIONS
This short section deals with issues that do not fit easily elsewhere within the guideline. 
Resuscitation training
Congenital myasthenic syndromes
Congenital myasthenic syndromes differ from most other causes of NMW in that they often cause variable weakness which can change from relatively mild weakness in an ambulant child to respiratory failure over the course of a few hours, or more rarely several minutes, often precipitated by an otherwise trivial viral infection. Respiratory assessment when these children are well can be misleadingly reassuring. There is no evidence base to support respiratory management guidelines for children with congenital myasthenic syndromes. Guidance on the respiratory management of this condition has been proposed by a workshop meeting held in 2009. 40 The key points of this guidance are that: Every child with congenital myasthenic syndromes should have fast track access to their local paediatric service in the event of illness or in an emergency. Children at high risk of respiratory complications, either by genotype or because of a history of respiratory illness or bulbar insufficiency, should be referred to their regional paediatric respiratory centre for assessment, including formal sleep polygraphy and to formulate a respiratory care plan. Carers of all children with congenital myasthenic syndromes should be provided with resuscitation training, including the management of choking. For children at high risk of sudden respiratory failure, training should include use of bagevalveemask equipment. Children who have had multiple episodes of respiratory failure may require home non-invasive ventilation for emergency use.
with relative sparing of the diaphragm. Bulbar muscles are affected. Classification into types 1, 2 and 3 depends on best motor achievement; type 1 never sit independently, type 2 sit independently but do not stand independently, type 3 achieve independent walking. The spectrum of severity is however a continuum leading Victor Dubowitz to propose a decimal scale within each type (eg, type 1.0e1.9). 1 The degree of respiratory involvement largely parallels motor involvement. Because of the prominent bulbar and intercostal muscle weakness, pneumonia is common, either aspiration or infection due to reduced secretion clearance. Type I: in the past the vast majority died before the age of 2 years, mainly due to respiratory complications. Ioos and colleagues distinguish between those with onset in the first 3 months of life whose prognosis is worse than those with an onset between 3 and 6 months. 2 Type II: a substantial number will develop respiratory complications during childhood; again these may be influenced by severity. Zerres and colleagues in a cohort of 168 patients reported pneumonia in the first 5 years in 28% of patients who achieved sitting only and 24% who achieved standing and breathing difficulties in the first 5 years in 12% who had sitting only and none in those who had achieved standing. 3 Ioos and colleagues report a requirement for nocturnal non-invasive ventilation in 38%, and tracheostomy in 15% of their cohort of 100 patients with type II SMA. 2 Type III: patients have preservation of respiratory function until the teens followed by a decline in vital capacity but do not appear to have significant respiratory complications in childhood. 2 
SMA with respiratory distress
SMA with respiratory distress (SMARD) is a genetically heterogeneous condition with respiratory failure due to diaphragmatic weakness. SMARD1 is autosomal recessive and due to mutations in the IGHMBP2 gene. This condition usually presents with respiratory failure between the ages of 6 weeks and 6 months, often with eventration of the diaphragm. 4 By contrast with SMA, there is prominent diaphragmatic weakness. Subsequently limb weakness, affecting distal more than proximal muscles and arms more than legs, develops.
Duchenne/Becker muscular dystrophy
Duchenne muscular dystrophy (DMD) and Becker muscular dystrophy (BMD) are X-linked conditions caused by mutations in the dystrophin gene. Dystrophin is a component of the sarcolemma of muscle whose function appears to be limitation of contraction-induced damage of the muscle cells. DMD and BMD represent different degrees of severity, although within each of these there is a range of severity. In DMD there is complete loss of dystrophin function with an earlier age of onset, more rapid progression and loss of independent ambulation by 13 years of age. In BMD there is some preservation of dystrophin function, age of onset is later, progression slower and independent ambulation is possible beyond 16 years of age.
DMD is the single most common neuromuscular condition in paediatric practice. Onset is by 5 years, motor development is usually but not always delayed, global developmental delay is common. There is progressive symmetrical proximal weakness affecting legs>arms. There is pseudo-hypertrophy, especially of calf muscles but temporalis, masseter and forearm muscles may be involved. Intellectual impairment is common but only occasionally is it severe and it is not progressive. Cardiomyopathy in DMD usually occurs when there is advanced skeletal muscle weakness but may occur earlier, and in BMD may occur with mild weakness; with some dystrophin mutations cardiomyopathy may occur without skeletal muscle weakness. Lifespan has increased decade on decade from the 1960s, and median life expectancy now exceeds 25 years. 5 In DMD vital capacity declines rapidly between ages 10 and 20 years with the rate of decline slowing down after age 20. In one cohort study, the mean age at which mechanical ventilation was started was 20 years (range 14e31 years). 6 Respiratory problems are not anticipated in childhood in BMD. Female carriers of dystrophin mutations may manifest muscle weakness which is usually not severe in childhood. A severe DMD-like phenotype may occur rarely and is usually associated with chromosomal translocation.
Effect of steroids in DMD
A Cochrane review of trials of the use of corticosteroids concluded that steroids improve muscle strength and function over 6 months and stabilise muscle strength and function for up to 2 years. 7 Vital capacity was measured in four studies and showed a mean improvement at 6 months of 0.14e0.17 litres. 7 Non-randomised studies suggest a long-term benefit on respiratory function. Biggar and colleagues report a significant difference in vital capacity between boys treated with deflazacort and untreated boys at 10, 15 and 18 years of age, which increased with time. At 18 years of age, 46% of the untreated group and none of the treated group required nocturnal non-invasive ventilation. 8 
Limb girdle muscular dystrophy
This is a group of genetically heterogeneous conditions. Classification is genetic. Ten per cent are autosomal dominant, for which there are currently three known genes (LGMD 1AeC); 90% are autosomal recessive, for which there are currently 15 known genes (LGMD2AeO). All have spectrum of severity with onset in childhood or adult life. Childhood-onset limb girdle muscular dystrophy is uncommon and when it occurs, has a similar phenotype to DMD/BMD. Respiratory problems occur after loss of ambulation when there is advanced limb weakness.
Facioscapulohumeral muscular dystrophy
Facioscapulohumeral (FSH) muscular dystrophy is an autosomal dominant disorder associated with a deletion within the D4Z4 repeat array on chromosome 4q. Age of onset varies and there may be intrafamilial variation. Initially there is facial weakness and weakness of the periscapular muscles causing poor scapular fixation and scapular winging. Subsequently there is proximal arm and ankle dorsiflexion weakness and later pelvic girdle weakness.
In 2e5% of all FSH muscular dystrophy there is a severe form with infantile onset, facial weakness and marked lumbar lordosis, associated with sensorineural deafness and Coat's disease (retinal vasculopathy). Respiratory insufficiency requiring ventilatory support is very rare (approximately 1% of patients) in FSH muscular dystrophy; the majority of subjects requiring support have a disease onset before 20 years of age, are wheelchair dependent with marked spinal deformity. 9 Respiratory complications in FSH muscular dystrophy are therefore uncommon in childhood and more likely to occur in those with infantile onset.
EmeryeDreifuss muscular dystrophy
EmeryeDreifuss muscular dystrophy (EDMD) is a genetically heterogeneous condition. EDMD1 is X linked due to mutations in the emerin gene; EDMD2 and EDMD3 are autosomal dominant and recessive conditions respectively due to mutations in the lamin A/C gene. Other forms (EDMD4, 5 and 6) are caused by mutations in other genes (SYNE1, SYNE2 and FHL1). Presentation may be at any age, most commonly in late childhood or early adult life. There are early contractures at the elbows and Achilles tendons before there is significant weakness. Spinal rigidity (limited trunk and neck flexion) is another feature. Muscle weakness occurs in a scapulohumeroperoneal distribution with scapular winging, weakness of biceps and triceps and ankle dorsiflexion weakness. Cardiomyopathy with conduction defects and atrial arrhythmias can occur with emerin gene mutations while ventricular fibrillation and dilated cardiomyopathy are more common with lamin A/C gene mutations. With lamin A/C gene mutations there may be a very wide range in severity with severe cases having a congenital onset and the propensity for respiratory problems in childhood. 10 
Congenital muscular dystrophies
In this group of conditions, presentation is at birth or in early childhood, with hypotonia, weakness and contractures. The conditions are static or show only slow progression. Creatine kinase may be normal or mildly raised, while muscle biopsy shows dystrophic changes. Many of these conditions have associated structural brain abnormalities and eye abnormalities.
Merosin-deficient congenital muscular dystrophy (CMD1A) is the most common of these conditions. It is a recessive condition caused by mutations in the lamin A2 gene leading to deficiency of laminin A2 (merosin) in the extracellular matrix of muscle. There is a spectrum of severity but mildly affected cases are less common than patients with severe weakness of face, trunk and limbs from birth. Feeding and respiratory difficulties are common. White matter changes are seen on MRI brain scan. Cognition is usually normal. Epilepsy occurs in 30%.
Another group of congenital muscular dystrophies is due to disorders of glycosylation of a-dystroglycan which results in abnormal basal lamina formation in brain, muscle and eye. These types of congenital muscular dystrophies are associated cortical dysplasia and eye abnormalities. Included are Fukuyama congenital muscular dystrophy, muscleeeyeebrain disease and WalkereWarburg syndrome. These conditions are generally associated with learning difficulty, which may be so severe that the profound hypotonia and lack of movement may be attributed to the brain disorder and muscle involvement overlooked.
Ullrich congenital muscular dystrophy is a disorder of collagen VI, as is Bethlem myopathy, a milder disorder. In Ullrich congenital muscular dystrophy there is muscle weakness with proximal contractures and distal joint laxity. There may also be orthopaedic problems; hip dysplasia, torticollis and scoliosis. Bulbar muscles are generally not severely affected. Vital capacity declines from the middle of the first decade and around 70% require non-invasive ventilation in adolescence.
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Rigid spine syndrome and rigid spine muscular dystrophy Rigid spine syndrome is characterised by early rigidity of the spine due to axial muscle contractures and is described in several neuromuscular disorders including EDMD, minicore myopathy and collagen VI myopathies. Because of ankylosis of the costovertebral joints and as there is often early diaphragmatic involvement in these conditions, respiratory insufficiency frequently occurs when limb weakness may be mild.
One form of rigid spine muscular dystrophy is caused by mutations in the selenoprotein N1 (SEPN1) gene. Mutations in this gene can also cause minicore myopathy, a desmin myopathy and congenital fibre type disproportion. Individuals with SEPN1 related myopathy appear to be at particular risk of early respiratory insufficiency. 
Congenital myopathyies
This is a group of muscle disorders with early onset of hypotonia and weakness. They tend to be stable or slowly progressive. The different types of congenital myopathy are defined by findings on muscle biopsy.
Central core disease
Characteristically there is hypotonia from infancy, delayed motor development and facial and proximal limb weakness. Skeletal deformities, congenital hip dislocation, scoliosis and foot deformity are common. Cores, central areas of derangement of sarcomeres with absence of oxidative enzyme activity, are seen on muscle biopsy. Mutations in the ryanodine receptor gene (RYR1) are found in the majority of patients. RYR1 mutations are also associated with malignant hyperthermia so patients with central core disease must be considered at risk of this anaesthetic complication. Inheritance is usually autosomal dominant but rarely may be recessive. Cardiomyopathy and respiratory insufficiency are rare.
Minicore disease
In this condition muscle biopsy shows multiple small areas devoid of oxidative enzyme activity. There is hypotonia, delayed motor development and weakness which is mainly proximal and axial. There are early contractures of paraspinal muscles with spinal rigidity and scoliosis. Diaphragmatic involvement occurs early with a risk of the development of respiratory insufficiency while independent ambulation persists.
Nemaline myopathy
This condition is characterised by the finding on muscle biopsy of multiple rod-like particles derived from Z band material. It is genetically heterogeneous with mutations in six genes currently reported. Inheritance may be recessive or dominant.
There is a severe neonatal form with respiratory insufficiency, marked hypotonia and weakness and bulbar insufficiency. Affected infants may be ventilator dependent from birth or have early respiratory complications. Milder forms with less severe muscle weakness may have selective diaphragmatic involvement and early respiratory insufficiency.
Myotubular myopathy (centronuclear myopathy)
The characteristic muscle biopsy finding is multiple central nuclei surrounded by a clear zone. There is a severe neonatal form which is X linked and due to mutations in the MTM1 gene. Pregnancy with an affected fetus is usually complicated by polyhydramnios and reduced fetal movements. Affected neonates are hypotonic with ptosis and ophthalmoplegia and profound weakness and around 85% require ventilatory support. An international questionnaire study identified 116 affected individuals, of whom 63 had died (median age at death 2.5 months). Of the survivors (median age 4.5 years), 70% required full-time ventilatory support, 15% required support for <12 h per day and 15% had achieved respiratory independence. 13 In some families the clinical phenotype is less severe. Milder forms have autosomal recessive or dominant inheritance.
Congenital fibre-type disproportion myopathy
In this condition, the muscle biopsy shows type I muscle fibres with a smaller diameter than type II fibres. Onset is usually congenital or in childhood, and severity varies from mild to severe. Weakness involves the face, and proximal more than distal limbs; bulbar weakness and respiratory muscle weakness occur in about 30% of affected children. There is genetic heterogeneity; to date mutations have been described in three genes (ACTA1, SEPN1, TPM3) all of which are associated with other congenital myopathies. Mutations in the a-actin gene (ACTA1) are associated with rapid progression and early respiratory failure, mutations in the SEPN1 gene are associated with spinal rigidity, relative preservation of limb strength and respiratory failure in adolescence or early adult life.
Myotonic dystrophy
Myotonic dystrophy 1
Myotonic dystrophy 1 is an autosomal dominant condition due to an expansion of a variable number of CTG repeats within the DMPK gene on chromosome 19q. Severity depends on the length of CTG expansion (normal 5e37, affected >50, congenital 2000). An increase in the size of the expansion tends to occur with maternal inheritance. This is a multisystem disorder causing muscle weakness and myotonia. Weakness selectively affects face, ptosis, bulbar muscles, neck flexion, trunk and distal limbs with proximal weakness occurring later in the course of the condition. Other features include cataract, diabetes, hypogonadism and cognitive effects. Congenital onset is often associated with respiratory insufficiency and feeding difficulty in the neonatal period which may improve. All have learning difficulty.
Myotonic dystrophy 2 (proximal myotonic myopathy)
This tends to be less severe than myotonic dystrophy 1. Muscle weakness is proximal rather than distal. Severely affected congenital cases do not occur.
Congenital myasthenic syndromes
Congenital myasthenic syndromes are genetic disorders of the neuromuscular junction in which the safety margin of neuromuscular transmission is compromised. Mutations may be found in genes for a number of components of the apparatus involved in neuromuscular transmission, but a proportion of cases remain genetically undefined as yet. These conditions are distinct from myasthenia gravis which is an acquired immunologically mediated disorder of the neuromuscular junction. Symptoms are often present in the neonatal period and include hypotonia, feeding difficulty, contractures and respiratory insufficiency. 14 In some of these conditions there is ptosis and ophthalmoplegia. Congenital stridor, sometimes due to bilateral vocal cord paresis requiring intubation, may occur with Dok7 mutations. In these conditions weakness is exacerbated during intercurrent illnesses. With mutations in the rapsyn (RAPSN) and cholineacetyltransferase (CHAT) genes there is a particular propensity to episodic apnoea, especially during intercurrent illness.
Mitochondrial myopathies
Disorders of oxidative phosphorylation are frequently multisystem disorders and those presenting in early childhood are usually progressive causing early death. Isolated myopathy or neuropathy is uncommon. There are two conditions in which skeletal muscle is selectively affected which may cause respiratory failure in childhood. Mutations in the thymidine kinase 2 gene (TK2) cause a mitochondrial DNA depletion syndrome which may manifest clinical variability. Some mutations may cause a rapidly progressive myopathy with respiratory failure in infancy. 15 An unusual and benign cytochrome c oxidase deficiency myopathy is also described. These infants have marked hypotonia and weakness with feeding and respiratory difficulties (which may require support with mechanical ventilation) in the first days or weeks of life with many of the features of other progressive mitochondrial disorders (raised plasma lactate, muscle biopsy showing ragged red fibres, and ultrastructurally abnormal mitochondria). Uniquely, this condition is associated with spontaneous improvement, which occurs between 5 and 20 months of age, with most children making a full recovery by 2 or 3 years of age. 16 Genetic testing is available for this condition.
CharcoteMarieeTooth disease
Genetic neuropathies are clinically and genetically heterogeneous. Charcote MarieeTooth (CMT) disease is classified as CMT1 which is demyelinating or CMT2 which is axonal. Each of these is genetically heterogeneous. The terms congenital hypo-myelinating neuropathy and DjerineeSotas neuropathy were used for severely affected infants; these may be caused by recessive or de novo dominant mutations. CMT4 denotes recessive neuropathies. The majority are slowly progressive and cause distal weakness and foot deformity with little or no respiratory involvement. Those severely affected in infancy or early childhood may develop respiratory failure. Mutations in the GDAP1 gene cause a neuropathy which may be either axonal or demyelinating, dominant or recessive. 17 Recessive mutations in GDAP1 are particularly associated with vocal cord paresis and diaphragmatic weakness. 18 
Pompe disease
Pompe disease is a disorder of glycogen metabolism due to lysosomal acid aglucosidase deficiency. There is a spectrum of severity depending on the level of residual enzyme activity. Enzyme replacement therapy is now available. Infantile onset disease is characterised by cardiomyopathy, macroglossia and severe weakness of respiratory and skeletal muscle with <10% ventilator-free survival rate at 18 months prior to the availability of treatment. 19 A recent survey of infants treated with enzyme replacement therapy found an overall ventilator-free survival of 35%, and ventilatordependent survival of 30%. 20 Juvenile and late onset disease causes progressive limb weakness and respiratory insufficiency either of which may present first. Earlier onset is associated with more rapid progression. Presentation may be with a rigid spine syndrome. Enzyme replacement therapy appears to stabilise the disease. 
